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Long Range Planning in 
Technical Industries’ 


by MELVIN E. SALVESON 


The Center for Advanced Management, Inc., New Canaan, Connecticut 


Foreword: After this manuscript was submitted for publication, 
the writer encountered a report of the Company Planning Re- 
search Section of the Stanford Research Institute (News Front, 
July, 1959) on “What Makes 


that study are so important to the manuscript that some of those 


Companies Grow.” The findings of 


findings are cited here 
One primary finding of the Stanford Research Institute is that 
“Long Range Planning is one of the most important growth fac- 
Both high growth companies that remained high in growth 
] 


and tou { 


growth companies which increased their rate of growth 
devoted much more effort to planning than those companies whose 
ate of growth slowed down.” The article which follows describes 
findings of the Center for Advanced Management on how success- 
ful long range planning is carried out and is applied by growth 
compantt 

Anothe finding o7 


mechanisms of growth is: “Expansion 


through larde scale ac quisition was characteristic of 55% of the 


high growth companies studied. Diversification, while highly valu- 


able when operly planned, does not in itself guarantee a rise 


in rate of growth. Low growth companies, whose rate of growth 


failed to increase, actually diversified more than those whose rate 
of growth wmpro ed This article also describes findings of the 
Cente for Advanced VM anage ment on the criteria for effective 
expansion lt} ough acquisition and fo eflective diversifi ation, as 
used by growth compantes 

It is hoped, therefore, that the following article will be of espe- 
cial umportance and value to compantes engaged in the high 
growth technical industries and to those who wish to enter these 


ind istries 


L. ING range planning is becoming the sine qua non of 


every corporation which requires a continuing flow of 
profit for its survival and growth. The factors demanding 
increased LRP are many and impelling; the more impor- 
tant ones are summarized below. At the same time, the 
factors mitigating against effective LRP are many and 
impelling, and also are summarized below. Out of these 
countervailing forces, a broader view to LRP is suggested 
here. This view is concerned more with establishing the 
conditions for long range “all-weather” viability and 
profit; less with attempting to pinpoint specific plans, 
steps, and events in an amorphous, opaque future. Thus, 
long range planning, as defined here, is concerned with 
discovering and adapting total business operations to the 
*Based upon a presentation to the American Institute of 
Chemical Engineers, Cincinnati. Ohio, December 8, 1958. 
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strong patterns and trends which underlie progress and 
change in an industry or in the economy. 

The trends which create the heaviest need for LRP are 
found in the technical industries. Thus, this report is 
oriented to those industries. In large part, it is based on 
studies performed by the Center For Advanced Manage- 
ment for an electro-mechanical and electronics manufac- 
turer in a highly technical industry. 


TECHNICAL INDUSTRY 


A “technical” industry is defined broadly as one in 
which there is a high degree of scientific or technological 
knowledge required for performing its processes, for de- 
signing its product, or for managing its operations. Typi- 
cal technical industries include petro-chemicals, elec- 
tronic, aircraft and missile, pharmaceuticals, ete. An in- 
sistent problem in these industries requiring LRP is 
technological, or other, “change.” However, the change is 
qualitatively different from “non-technical” industries, 
and this difference creates the heightened need for LRP. 
The women’s garment industry illustrates the basic differ- 
ence between change in the technical versus the non- 
technical industries. In that industry, for example, there 
is change from season-to-season, year-to-year, and pe- 
riod-to-period. A recent scientific study by psychologists 
indicated these changes are motivated largely by the value 
of avoiding boredom in the wearer’s appeal or attractive- 
ness. Thus, different portions of the anatomy are empha- 
sized under successive style changes; the style at one time 
emphasizing legs, at another the bust, at another some 
other portion of the anatomy. The important or significant 
factor here is, however, that there is no discernible change 
in the female anatomy. For our purposes it has always had 
these components, and happily, probably always will. 
The change is only in its covering apparel. Thus, new 
knowledge, new form, or new utility is neither created by 
the style change nor induces that change. 

On the other hand, take the electronics industry as a 
counter example. Change has been frequent in that indus- 
try, perhaps up to rate of change in the women’s garment 
industry, but it has either been induced by or has resulted 
in new knowledge, new form, new utility. These, in turn, 
demand in that industry: new business enterprises, new 
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Company B--48 Products 
Average Return on Investment 23% (est.) 





A i s 


Millions of Dollars Invested before 
Appearance of Product on the Market 





] 2 3 


Ordinal Market Position Relative to Competitors 
Ordinal Profit Position (ROI) Relative to Other 
Product Lines 


Note: All data are disguised. 
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equipment, new methods, differently trained personnel, 


etc. While some of the ideas and methods presented here 
may apply both to technical and non-technical industries, 
the emphasis in this analysis is on the changes, the under- 
lying patterns, and the trends in the technical industries 
as these relate to Long Range Planning. 


4 CASE STUDY 

The study which is reported here was cued by a large 
manufacturer's loss of market position and profit. (Call 
it Company A.) The loss could have been expected three 
years before it was felt, had top management been alert 
to the competitor's activities. But it would still have been 
too late to react and avoid the loss. Importantly, the 
whole mode of operation during these three years had 
been as good or better than before, so that the loss was 
not due to any deficiency in Company A’s current oper- 
ations. Its difficulty arose because it was not concerned 
with those long range activities necessary to keep its 
product and service competitive. The specific event which 
precipitated the problem for Company A was a smaller 
competitor’s introducing a product based on far more ad- 
vanced technology, and thereby virtually obsoleting the 
company’s leading line of products. But, the lead had been 
lost several years before the competitor’s product ap- 
peared on the market; indeed, it had been lost in the lab- 
oratory. Company A had to adopt an inordinately expen- 
sive “crash” program in order to regain its position. 

It is to avert these kinds of reverses that long range 
planning is concerned. Day-to-day operations also need 
to be efficient, of course, but unless they are carried out 
within the framework of broad, well-conceived LRP, they 
will lead only to the efficient collapse of profit, leadership, 
and market position. The following material resulted from 
analysis of the trends and patterns in the company’s in- 
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dustry, and provided the basis for a course of action 
which would provide the basis for long range planning 
and action, 

Analysis of the evolution of the industry concerned here 
revealed a significant fact: It is impossible to predict. 
That is, it was agreed on presentation of the significant 
inventions and innovations in the industry in a chronol- 
ogy, that even the best informed scientists would have 
been unable to predict these events or even their inci- 
dence, plus or minus five years. The only predictable ele- 
ment was that there had been, and probably would con- 
tinue to be, invention, innovation, and change, and that 
the relative frequency of these was roughly proportional 
to estimated Research and Development expenditures in 
the industry, lagged by some range of number of years: 

The important Company A top management conclusion 
and policy in response to this finding were that: 1. The 
company should plan systematically to spawn a continu- 
ing series of these inventions and innovations as the basis 
for a viable, growing enterprise. 2. It should establish the 
mechanism for this continuing flow of inventions, innova- 
tions, and developments. This flow and the mechanism for 
it henceforth would be considered as important as the flow 
of materials, goods, and services in producing its current 
products and the mechanism for that flow, the factory. 

At this point, the results of a study made in one of my 
former employments was introduced which reinforced the 
preceding decision. It also suggested a corroborative study 
of this Companys’ different products. The purpose of the 
study was to determine the nature of the “game” which 
management plays in the long range; the strategies avail- 
able, their expected pay-offs, and the mixed or pure strat- 
egy which should be adopted in the long range. 

Figure 1 presents the results of the first mentioned 
study. This graph is interpreted as follows. Those prod- 
ucts for which that former company was both in first 
position in its market and had highest return-on- (total 
product) investment, also were the products in which it 
had invested the most money in the product development 
(on the average) prior to the original appearance of the 
product on the market. This is an exciting finding: To 
make more money, spend more on new product R & D. 
However, before accepting the hypothesis unequivocally, 


the concept was tested by a similar analysis of Company 
A’s products. The findings of this study are shown in Fig- 
ure 2. The results are strikingly different. The meaning of 
the difference is clear. In Company A, large investment in 
advance of a product’s first appearance did not tend to 
lead as strongly to first market position. Indeed, relative 
to some of its second place products, some of Company 


A’s first place products had achieved their position with 
less advance investment. 

The study to determine the reasons for the different 
tendencies gave the following qualitative observations on 
each company. Company B maintained an aggressive re- 
search and development program, with expenditures for 
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R & D very high as a percent of sales, circa 6%. Com- 
pany A was proportionately almost as aggressive, as 
measured by R & D expenditures as a percent of sales. 
The difference here did not seem significant. 

Company B, through its advertising, company slogans, 
etc., presented a corporate image of “making progress,” 
where progress included innovation and commercializa- 
tion. However, it did so very conservatively. For example, 
one of its former chairmen of the Board remarked, “Fif- 
teen years is about the average period of probation, and 
during that time the inventor, the promoter, and the in- 
vestor, who see a great future for an invention, generally 
lose their shirts. Public demand, even for a great inven- 
tion is always slow in developing. That is why the wise 
capitalist keeps out of exploiting new inventions (2).” 
While the policy at Company B subsequently has ad- 
vanced, it did so only by developing systematic proce- 
dures for evaluating when and how, in detail, to develop 
and commercialize an invention. 

On the other hand, Company A, through its corporate 
image, slogans, and policies, better represents the pioneer- 
Ther 
that this image represents the personality and policies of 


ing inventor is good, though nebular, evidence 
the principal executives. This is a significant difference, 
even though it is of a qualitative character. 

If the preceding difference in fact did exist, it should 
manifest itself in other more measurable ways. The fol- 
lowing are some of those ways: 


Company A Company B 


% of R & D and engineering per- 
(a) Central Lab. 54 38 
(b) Product Dept. Lab 46 


Presumably reflects relative impor- 


sonnel in 


tance of product oriented and “busi- 
ness controlled” R & D personnel.) 
Average number of product lines per 
department or business profit center 
(Presumably reflects the relative im- 
portance of any single product line 
to a single profit-responsible manage- 
ment team.) 

Yo of product lines directly tracea- 
ble through evolution to original 


products without acquisition § or 
merger. (See Figure 3.) 
reflects 


and = ability to 


(Presumably purposiveness 
commercialize on 
inventions and innovations arising 
out of R & D related to its existing 
businesses. ) 

% of products entering directly into 
the major overall system produced 
by the company 


(Presumably reflects singleness of 
purpose in expanding its basic busi- 
ness.) 

% of Engineering and R & D man- 

agers with training in management 

and business 65 


(Presumably reflects commercial ori- (estimated) 
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entation in engineering and R & D.) 
. % of R & D personnel’s time which 
may be self-directed. 
(Presumably this reflects relative 
amount of direction toward company 
objectives. However, Company Bb 
encouraged “wandering” as the means 
for detecting commercially promising 
inventions discovered outside its 
labs.) 


FURTHER STUDIES 

These differences cued further studies on the process of 
innovation, including invention, development, and com- 
mercialization. In order to disguise the companies, but yet 
to give concrete examples of this process, the early experi- 
ence of the General Electric Company is given. Most ex- 
amples and references here are from (4), but interestingly 
they form a striking parallel to the situations uncovered 
in this study. 


The key person in the process of innovation and commercializa- 
tion is the engineer-entrepreneur, the person with technical train- 
ing who can see commercial possibilities in the application of scien- 
tific principles and who labors to perfect usable products and tech- 
niques. This kind of entrepreneurship has become increasingly 
important as the advance of science has made available new 
knowledge, new products new production methods, and new re- 
sources. For in the long view the most significant manner in which 
to increase economic welfare (and company profit) is not through 
better administration of existing resources or (socialistic) change 
in the distribution of income, but through applications of science 
which increase national income. 


Clearly, Company B is predominantly an “engineer- 


entrepreneur’s” enterprise. It deliberately seeks oppor- 
tunity to commercialize—mindful of the dictates of-its 
chairman that without the test of marketability, any ven- 
ture would be doomed to failure. It systematically ex- 


tended its business through accretions always related to 


Company A=--26 Products 
Average Return on Investment 17% (est.) 





l 2 3 4 
Ordinal Market Position Relative to Competitors 
Ordinal Profit Position (ROI) Relative to Other 
Product Lines 





Millions of Dollars Invested before 
Appearance of Product on the Market 


Note: All data are disguised. 
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Etc. to present 
with over 100 
departments and 
600 lines of 
products 
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its product line, and hence within the market and busi- 
ness which it knew well. Its engineering managers, as the 
above comparison indicates, have more training in and, 
presumably, understanding of the problems and methods 
of commercialization. 

Another difference cited by the above comparison is the 
tendency to emphasize evolutionary entry into businesses. 
That is, Company B tends to enter companies through ex- 
pansion into related products or through enlargements of 
the basie system which it produces and markets. For ex- 
ample: 

The economic orientation of Edison's inventive work in electric 
lighting defined his approach to the problem of subdividing the 
electric light (system). His goal was to invent a system which 
could produce light at the lowest possible cost And his inventions 
were inventions primarily because he was looking for a low-cost 
lighting system Edison was the first inventor to realize that 
in incandescent lamp which could operate in a constant-voltage 
parallel circuit would necessarily have to be of high resistance in 
order to keep the cost of the copper conductors from being pro- 
hibitive Edison’s work on the dynamo was also directed toward 
reducing costs In each case, he perceived the function of 
the component in the system. He then determined the character- 
istic of that component which would result in a system with the 
lowest production cost of light the lamp, the dynamo, and 
the distribution network were designed to form a lighting system 
using the minimum amount of resources, with a meter in the 


system to assure it 


Through the above, we can see the evolutionary chain 
via which the now General Electric Company entered into 
its various businesses and product lines, virtually all 
stemming directly from Edison’s original lamp, the pro- 
tozoa of that company. The General Electric chain of 
evolution is portrayed in miniature, in Figure 3. 


Srace | 


Edison developed the incandescent lamp which he wished to 
commercialize. Alone it had no future; as part of a complete 


system he saw it had large potential. This prepared for: 


Srace Il 
1. The lamp business “1” required supporting businesses to make 
and sell a complete lighting system, including: 
2. A meter business to supply meters “2” and measure energy 
consumed 
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3. A distribution network business to provide the distribution 
equipment “3”. 

4. An energy conversion (thermal to electrical) business, to 
supply electrical generation apparatus “4”. 


Sracp III 

1. The lamp business, through research on lamps grew and 
spawned both indoor “la” and outdoor lamps “1b”. 

2. The meter business involved measuring “2a” and instrumenta- 
tion, thus leading via knowledge of instruments into the 
instrument business “2b”. 

3. Research and experience in distribution led to distribution 
hardware business “3a” through knowledge of electrical hard- 
ware, and its properties and manufacture. It also led to trans- 
formers for conserving copper losses, and thus to the trans- 
former business “3b”. 

4. The energy conversion business led naturally to knowledge 
and experience in both prime movers (steam engines and 
turbines) “4a” and to generators “4b” 


Srace IV 

To abbreviate, only a small number of the evolutionary chains 
are shown and the remainder of the narrative is reduced. Thus, 
at Stage IV, the prime mover business led to building the engi- 
neering and marketing knowledge and skills on which to enter 
both the steam turbine and gas turbine businesses (the latter 
of which proliferated later into aircraft gas turbines and ship- 
board gas turbines). The knowledge and skills in the generator 
business led directly to the ability to enter also the electrical 
motor business. While neither aircraft gas turbines nor electric 
motors are required in the electric incandescent lamp business, 
pursuit of the latter business by competent engineer-entrepre- 
neurs led to accumulating the knowledge, skill, and insight even- 
tually necessary for entering those businesses 


The full evolution to date (1959) has led to the General 
Electric Company with over 100 separate departments 
producing 600 lines of products in as many markets. Some 
evolutionary links have been terminal ventures, however. 
For example, governmental action restrained the Com- 
pany from operating electric utilities; and, the Company 
found that, though it was helpful to finance these utilities, 
there was nothing in the skills of the engineer-enterpre- 
neur which made him a good financier. Thus, General 
Electric withdrew early from the business of financing 
public utility companies, in order to sell its manufactures. 


LONG RANGE PLANNING 


Return now to long range planning, per se. Could Edi- 


son have visualized that his lamp business one day would 
have led directly to aireraft gas turbines and thence to 
rocket motors? Of course not, aircraft and rocket motors 


were unknown at that time. Even within much shorter 
periods, the links have led to unpredictable new busi- 
nesses. If Edison, or any other scientist, could not forsee 
such basie events and turnings in his enterprise, how is it 
possible to plan for it in the long range? 

The answer to the preceding question is in planning for 
the flow of invention, innovation, and new businesses 
which will evolve. This requires developing a deeper skill 
in and understanding of the processes of entrepreneurship. 
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Planning for specific inventions and their commercializa- 
tion is short term, finite period planning. This short range 
planning requires knowledge and skill in the specifie prob- 
lems of the business to which the planning is directed. 
The longer range planning for the continuing flow of cor- 
porate life blood requires a broader set of knowledge and 
skills—such as: 


1. The general principles of how to design business enter- 
prises, so that whatever business evolves from invention and 
innovation can be profitably pursued or appropriately 

avoided 

How to recognize and develop not only required managerial 

talent, but more importantly, the entrepreneurial personnel 

to pursue new business 

How to set minimum, maximum, and expected rates of com- 

mercializable invention and innovation as the basis for growth 

and expansion 

How to determine criteria for branching at any node in the 

evolutionary chain, so as to enter only businesses which are 

compatible with acquired skills, knowledge and the collec- 
tive self-image and corporate image. 

How to determine the miscibility of different product lines 

and businesses into operating businesses. 

How to establish the conditions and methods for effective 

entrepreneurship 

How to design the parent corporate structure and organiza- 

tion for the “flow of businesses” within that structure, from 

invention to innovation, to commercialization, and to replace- 
ment or abandonment, if appropriate 

How to perform the roles of chief executive and corporate 

staffs in a long range plan embodying the “flow of businesses.” 

That is, how to manage entrepreneurs, rather than how to 

manage other managers or individual contributors 


These areas of knowledge and skill would require many 
more pages to develop than are available here. However, 
a paragraph may be reported on each, as follows: 

1. Principles of design of business enterprises. This ares 
is amply covered by the numerous texts and papers on 
business organization and management, together with the 
literature of managing the functional components therein. 
However, one important lack is techniques for the in- 
tegration of the various function components into a single 
system, in the same manner that the engineer performs 
the system integration and synthesis function in design- 


ing a complex system. The newly developing techniques 
in operations research have important application in the 


rational design and synthesis of business enterprises; as 
for example those being developed in the Operations Re- 
search and Synthesis Service at General Electric. Perhaps 
the existence of this service at General Electric reflects 
that Company’s unusual awareness of the need to bring 
to bear the most advanced, and powerful techniques of 
science and engineering in designing the many evolving 
businesses within its corporate structure. Toward this ob- 
jective, and in a separate paper (5) I have attempted to 
describe methods and techniques for designing business 
organizations dynamically, in the same manner that 
engineers must design systems to both static and dynamic 
eriteria. 
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2. Development of entrepreneurial talent. The train- 
ing and development programs for business are directed 
toward “managers,” the entrepreneur is hardly recog- 
nized. Yet, as Passer relates, “(he) is the key person in 
this process (of founding and growing new industries 
based on new technologies).” Unfortunately, the entre- 
preneur often may be greeted with untoward attitudes in 
established businesses, unless those businesses are or- 
ganized to grow on the entrepreneur’s labors, 

For example, Maclaurin (3) writes, 

Innovations, in fact, may be becoming inherently more difficult. 
The current trend toward emphasizing smooth human relation- 
ships as the principle qualification for administrative responsibility 
tends to militate against the rise of innovators (entrepreneurs) to 
top positions. 


To innovate and commercialize an invention or discov- 
ery, the entrepreneur necessarily must alter many facets 
of his environment; change is his function, and new busi- 
ness his output. But, the capacity to change, or even to 
disagree—the first step in effectuating change—is a scarce 
commodity. 

Torrance (6) comments on the modern military entre- 
preneur, the Jet Ace: 

Research findings indicate that certain individuals show a gen- 
eralized willingness to oppose others and disagree when the situa- 
tion requires it. In our studies of Jet Aces in Korea, we found 
that this characteristic was typical of the Ace when compared 
to his less successful colleagues. Asch demonstrated a raiher 
alarming similar picture. In “brainwashing” susceptibility experi- 
ments, Asch generated a disagreement between individuals and 
small groups on a clear and simple matter of fact in the environ- 
ment. Only one fourth of his subjects adhered to their own correct 
judgements, when confronted with the different and erroneous 
judgements of the (experimentally guided) groups. 


(The experiments involved deliberate expression of er- 
roneous opinion by the group to determine whether the 
subjects would maintain their correct opinions. Three- 
fourths did not.) 

To plan in the long range requires planned cultivation 
of entrepreneurs—those who can induce necessary change 
and who have the other moral and intellectual qualities 
for business leadership. Unless this key ingredient is pro- 
vided, the best plan will remain dormant for want of the 
entrepreneurial spark. 

3. Rate of invention and innovation. One of the prinei- 
pal findings from the study reported here is that there is 
a measureable rate of decay of the value of information 
as contained in products, processes or methods. This is 
sometimes referred to as obsolescence. However, to recog- 
nize it as a problem in maintaining the continuous flow of 
new information gives the manager and the scientist (or 
engineer) a better basis for planning the R & D pro- 
gram, for planning the discovery and flow of new in- 
formation, for anticipating the competitive decay of 
previously produced information, ete. The consequence 
of this insight in the study reported here was to study 
and project the trend in information decay rates, and to 
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estimate the magnitude of the R & D staff and reinvest- 
ment required (a) to maintain fixed relative position (b) 
to gain relative to competitors, assuming both their con- 
tinuing at current rates and their accelerating their over- 
all reinvestment. The general nature of the findings on in- 
formation decay rates are illustrated in Figure 4, and 
provide illuminating insight on the cost of remaining com- 
petitive and progressive. 

To protect proprietary information, a weapons systems 
example is used, and the relative time span is expanded. 
However, the same trend was observed over short time 


spans and for a number of commercial products. To illus- 
trate, curve A indicates the useful life of successive com- 
petitive weapons systems. Curve B indicates the time (or 
can be cost) to develop those systems. For example: 


Nelson’s tiny flagship was 40 years old and still a first- 
rate ship-of-the-line at Trafalgar, Halsey’s giant Enter- 
prize at three years of age was obsolescent before World 
War II. The B-17 took circa four years to develop and 
was operational seven. The B-29 took about six years to 
develop and was operational four. The B-36 was ten years 
in development and operational only three. The Navaho 
was in development six years; it was abandoned before 
completion because of obsolescence. Regulus I and Reg- 
ulus II had similar short lives. 

Obviously, the increasing cost of R & D and the de- 
creasing life spans of products counteract each other. The 
former tends to decrease a company’s ability to do R & D; 
the latter increases the need for it. In between these, the 
rate of commercialization of inventions, then, needs to be 
controlled so as to insure an optimum program, balanced 
between the different phases, e.g., R & D, capital invest- 
ment, advertising, market research, etc. Inasmuch as the 
problem of balancing and timing the various programs 
can be phrased in functional equations, it either becomes 
amenable to solution by calculus of variations, i.e., dy- 
namic programming, (1) or these concepts greatly aid 
judgment solutions. 

The problem is somewhat complicated by the fact that 
the production or discovery of inventions has elements of 
uncertainty. This, however, is not difficult to handle if 
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expected, minimum, and maximum rates are used and 
boundaries or tolerance limits are used in the computation. 
For example, an upper bound(s) may be used to help de- 
limit the number and variety of programs which can be 
undertaken with available resources. The lower bound(s) 
determine minimum innovation necessary to maintain 
given levels of competitiveness. That is, the control of the 
flow of ideas is instrumental to corporate health; it must 
be neither too little nor too great. 

4. The criteria for business branching. The General 
Electric Company's experience indicates that skills and 
knowledge are highly transferable, vide the branching and 
growth from lamps to such things as toasters, turbines, 
and transformers. However, some branches failed. The 
successes and failures together provide excellent guide 
lines. The following are key elements in predicting the 
success or failure of a branch. 

a. Environmental or institutional knowledge. A work- 
ing knowledge of trade practices, market characteristics, 
channels of distribution, contacts with key persons may 
provide at least part of the basis for a successful branch- 
ing. For example, National Cash Register Company has 
had no prior background in large scale computers. But 
its very close ties to an important market via a formidable 
marketing organization well may permit it successfully to 
enter the business computer field. It offers a point of entry 
into that business as the business data processing tech- 
nology expands and requires integration of the point of 
initial recording more intimately in the over-all data 
system. 

b. Technical knowledge and skill. A prime example is 
General Electric’s entry into the electric motor business. 
An electric motor is essentially a generator run in reverse. 
Thus, the technical knowledge and skills to design and 
manufacture generators, provided a strong platform for 
entering the motor business. The basic data involved in 
the industrial analysis for this kind of branching are 
similar to those described at this meeting by Dr. Igor 
Ansoff. The method described in that paper was used by 
Markowitz and Rowe as the basis for economic and mili- 
tary mobilization planning. The value of the analysis can 
be large: one company planned to branch into a business 
but found that the commonality of skills was only appar- 
ent, not real. It planned to operate a far-north aircraft 
engine repair station in the summer and a diesel repair 
station there during the winter while the diesel tractors 
were idle. Unfortunately, the skill carry over from 
diesel to aircraft parts was too great; the mechanics re- 
paired diesels to aircraft specifications, and vice versa. 
This was, of course, too costly and inefficient, and had to 
be abandoned. 

c. Self-image and business flexibility. The self-image 
to which we refer here is a concept familiar only to those 
acquainted with psychoanalytic theory. Virtually only 
those individuals who have been sucessfully analysed will 
understand their self-images, and control the operation 
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of them as the determinant of overt behavior. Others are 
conscious of their self-images only to the extent they are 
or are not able to engage in one or another type of social, 
occupational or other roles, but are not conscious of the 
reasons for their role inflexibility. An example is cited of 
a manufacturer of copper hardware that successfully 
competed in an industrial market where one pattern of 
occupational roles was required. The company was not 
successful in a commercial market, primarily because 
their collective self-images unconsciously made them seek 
defensive refuge behind the mask of being “conservative 
engineers.’”’ While they consciously rationalized their pref- 
erence for this role, to the trained observer it was obvious 
that it was a haven of defense against the incurrence of 
tensions and anxieties, induced by departing from their 
protective role. This unconsciously imposed inflexibility 
caused their commercial operation to be inefficient and 
unprofitable, even though the company already possessed 
a strong platform in manufacturing skills and facilities 
required for that commercial business. Role inflexibility 
problems often are resolved by “decentralization” so that 
each autonomous group, within the same company, can 
identify with that role(s) implicit in each of the several 
businesses which is compatible with the group’s collective 
self-image. An alternative, which was used, at least par- 
tially in this instance, is a psychoanalytically oriented 
training program to increase the personnel’s flexibility to 
move between different roles. The organization, in this 
case, was not large enough to decentralize, hence required 
multiple role flexibility, through personal flexibility. 
The summation of the collection of self-images is the 
corporate self-image. This latter is one of the most power- 
ful determinants of corporate flexibility—both because it 
reigns and operates through the unconscious and, hence, 
cannot be reasoned and reckoned with (except in analy- 
sis), and because it is self-reinforcing. No matter what 
course of action is followed, or attitude projected, they 
tend to be self-reinforcing: the negative attitudes to be 
negatively reinforced and the positive, postively rein- 
foreed—precisely because one or the other attitude al- 
ready eixsted. Hence, the results of performing any busi- 
ness role is to enter that role with such unconscious pre- 
dilections as create the responses from the environment 
which tend to confirm the predilection, in favor of or 
against the role. Obviously, the greater the role flexibility 


of an individual, or of a business, the greater is its ability 


to capitalize on opportunities, regardless of the roles 
which they require. It is of little value to develop long 
range plans and programs, only to find that a variety of 
apparently unrelated obstacles interpose themselves. 
These may take the form of “that is not our line of busi- 
ness,” “the risk is too large,” “the economy is uncertain,” 
or other. Alternatively, they may appear as simple in- 
action, or delay. While it is possible to develop systemati- 
cally the capacity for role flexibility, it is beyond the 
scope of this report to describe. 
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d. Joint or by-products. A frequent basis for branching 
is when the production processes yield joint or by-prod- 
ucts. This concept is obvious and needs no elaboration 
here. 

The preceding are subject also to legal and moral 
limitations. For example, General Electric has been re- 
strained by antitrust action from operating public utili- 
ties; the aircraft manufacturers from operating airlines, 
etc. However, these concepts illustrate the evolutionary 
chain and branches in the growth and diversification of 
typical, successful, large companies, To reiterate, long 
range planning for such growth, requires as much the 
maintenance of the conditions for, and skills of, entrepre- 
neurship as it does the development of specific action pro- 
grams. Exlison, in 1885, could hardly have planned for 
the evolution of the G. E. lamp business into the toaster 
and aircraft gas turbine businesses. But he and his suc- 
cessors, by maintaining the conditions for and skills of 
entrepreneurship assured that evolution. 


SUMMARY 
It was mentioned earlier that there is a minimum re- 
generation required for maintaining a viable business. 
Investment in innovation (as in R & D, new markets, new 
products, or other) must be at least a certain minimum in 
order to sustain competitiveness and viability. In study- 
ing this phenomenon, the following observations were 
made. There is a distinct, quantifiable, and measureable 
input-output relationship between successive stages in an 
innovation cycle. It was found that the “transfer func- 
tion” can be used in long range planning. Graphically, it 
is shown in Figure 5. 
Several important relationships can then be sought for 
planning purposes. Some of these are: 
1. What is the average, minimum, and maximum ratio of the 
area under each curve to the area under the preceding curve? 
2. Is there a trend in these ratios over a period of time; are 
they increasing or decreasing? 
. What is the characteristic lead-lag relationship between the 
curves? 
4. Do the ratios vary from product line to product line; and, 
if so, how? 
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Fic. 5. Innovation Cycle—Expenditure Patterns. 
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This study was cued by an engineering occupations re- 
muneration study. There, for example, it was found that 
the higher the rate of innovation in a branch of engineer- 
ing, the higher the starting and top rates of pay. Simi- 
larly, it was found that the higher the rate of innovation 
in an industry—up to an upper bound—the higher the 
return-on-investment. It was found that the correlation 
between R-O-I on a series of products, as a function in- 
novation investment, was not as high as it was on an in- 
dustry basis. It appeared that there was random fluctua- 
tion on a product basis, which was averaged out on an 
industry basis. In particular, in a whole industry there 
is opportunity for the operation, not only of primary 
breakthroughs, but also of supporting or facilitating dis- 
coveries. Thus, it appears that whole industries tend to 
move together, while within these broad movements, the 
more aggressive innovators lead. But, the leadership tends 
to be paced by the whole complex of limiting and facili- 
tating innovations and advances. 

In broader perspective, long range planning must an- 
swer the question as to the division of innovational re- 
sources between: 


1. Those programs which lead to lower cost (proportionately 
less employment). 
2. Those which lead to more products. 


In the broad perspective, this is important: if the rate 
at which the work force is displaced through technological 
innovation is greater than the rate at which new em- 
ployment is created on new products and services, unem- 
ployment is an inevitable consequence. In a political 
democracy with free enterprise, this balance can be main- 
tained best. through those free enterprises so planning 
their activities that the opposing tendencies are equili- 
brated. The alternative is social action, i.e., socialism. 

In summary, long range planning requires or achieves 
the following: 


1. A business-wide perspective in innovation. 

2. A continuing flow of innovation for business viability and 
profits. 

3. A set of skills and conditions for successful entrepreneurship 
within the corporate framework 
Organization components for pursuing the processes of entre- 
preneurship 

. Adapts the collective or business self-image to the roles 
implicit in foreseeable and evolving businesses; either through 
increasing personal flexibility or through organizational iso- 
lation of the roles (i.e., decentralization). 

. A balanced flow of resources to the phases in the innovation 
cycle. 

. Recognizes and plans for the gradual reduction in the direct 
labor force to the indirect and overhead, as the result of 
technological progress. 
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Management and Industrial Engineering 
in the Coal Industry’ 


by DAVID L. FRANCIS 


President, Princess Coals, Inc., Huntungton, West Virginia 


Mi axacement and Industrial Engineering, while 
getting a late start in the bituminous coal industry, are be- 
coming increasingly important and are recognized as a 
valuable staff service in more companies each year. It is 
my purpose to outline how we use Industrial Engineer- 
ing within our coal industry, and how some of our major 
problems are approached and solutions are developed. 

Management engineering and Industrial Engineering 
are in many ways synonymous except for their areas of 
application. I have always felt that management en- 
gineering applied tc over-all industry or company top 
management level work in the areas of organization, 
functions and responsibilities and the developing of the 
basic philosophies and policies as to the future courses 
that an industry or company within the industry should 
take. This is contrasted to Industrial Engineering which is 
specific within a company and which is applied to or- 
ganization, operating methods, and procedures. 

Our industry has used management engineering firms 
from time to time in making studies of over-all problems. 
As an example, several of our companies participated 
some six or seven years ago in a study of the future 
domestic sales for coal throughout the eastern half of the 
United States. This study bore out some interesting con- 
clusions; namely, that as we generally knew, the hand- 
fired market was dwindling; the home stoker market was 
remaining constant; but they found for us, which we did 
not know, that the commercial business—hotels, apart- 
ment houses, etc.—was using more and more of our pre- 
pared size coals each year. So through them we found a 
growing market and were able to fortify our own plan- 
ning. 

Tomorrow in Huntington a group of operators will 
hear a report by a management engineering firm on a 
reorganization proposal for our National Coal Association 
and some of the associated organizations which they are 
recommending merging with National Coal, it being the 
desire of some of the leaders in our industry to see that 
our national organization is strengthened and made more 
effective by a reorganization. I happen to know that some 


* Based upon a presentation to the Charleston-Huntington 
Chapter of AIIE, April 20, 1959 
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of the major recommendations include a streamlining of 
present national coal functions with other outside organi- 
zations, establishing six major divisions in National con- 
sisting of Marketing, Research, Transportation, Public 
Relations, Government Relations, and Finance, Certainly 
with the trying problems which have confronted our in- 
dustry for the last few years, we need to make every 
effort to see that our over-all industry approaches are 
coordinated and streamlined. 

In coal mining, like many industries, the pre-war use of 
Industrial Engineering was limited. Before 1935 only one 
or two coal companies had employed the technique in a 
special or specialized manner. From the late 30’s on, this 
is the period when'mines in our area first began to use 
Industrial Engineering, the trend nationally really hit its 
stride. Coal along with many other industries participated 
in a remarkable growth of the field. However, even to- 
day the number of coal mining companies with Industrial 
Engineering offices is probably a modest percentage of our 
industry. However, the cliche that contends that “our 
business is different” is heard less frequently. Our severe 
competitive position is modernizing the management 
practices rapidly. 


MANAGEMENT ENGINEERING WITHIN OUR COMPANY 


Only one other company besides our own has ever had 
an office of management engineering. We recently started 
one and it is now staffed by an individual who some years 
ago was Industrial Engineer at our Princess Elkhorn 
operation. His major functions and responsibilities are 
outlined as follows: 


1. Function 


To assist the President in coordinating various aspects of the 
business (sales, production, finance) with special emphasis on or- 
ganization studies, establishment of policy; review of results; 
summarizing such data so that the President can manage by ex- 
ception. 


2. Supervises 


None. May use services of the operating, sales, and financial 
staffs in obtaining data for special purposes. 
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3. Duties 


a. Make studies of organization structure with particular em- 
phasis on the need for the function, staffing requirements, and 
administrative practices 

b. Assist President in establishing basic objectives for the com- 
pany and for the various departments of the company 

c. Provide a system of reporting so that measures can be made 
of progréss toward the attainment of objectives 

d. Appraise organization performance and, working with depart- 
ment heads, assist in preparing plans for improvement 

e. Establish a management development program covering all 
departments of the company and insuring that qualified personnel 
are being developed for the various administrative positions 
which must be filled in the future. As a part of this function, en- 
courage training programs to improve performance on present 
jobs 

f. Document the organization structure and keep it up to date 
by means of an Organization Manual containing organization 
charts, position descriptions, and basic company policies 

g. Assist President in preparing long range planning studies 

h. Analyze interdepartmental procedures to insure that they 
are efficient and effective and prepare releases to all concerned 

i. Design and installa system of management controls and ad- 
ministrative reports to the end that all department heads are 
kept informed of performance during previous periods and the 
areas in which improvement is needed 

}. Coordinate the annual management review and improvement 
program 


From time to time in the past, averaging every three 
years, our company has employed a management en- 
gineering firm to come in and study some facet of our 
business. They have gone through our sales, maintenance, 
accounting and warehousing. We now feel that with a 
permanent management engineering office a great deal 
of this can be done more effectively within our own com- 
pany and at a much lower cost. Just as our over-all 
industry problems need sprucing up and pointing up, so 
do we need to do the same within our own company. This, 
plus long range planning and coordination between pro- 
duction and sales, will effect a material improvement in 
our over-all profit picture. 


INDUSTRIAL ENGINEERING 


In terms of degrees of application, our version of Indus- 
trial Engineering is less detailed and less occupied with 
the fine measurement of work than is the average manu- 
facturing plant. Of course, effective utilization of our pro- 
duction man hours requires time study. However, lacking 
the multiplicity of operations found in manufacturing, 
we do not usually accumulate the voluminous data typi- 
cally found in the factory. 

Time study serves to establish for us element times for 
our basic work cycles. From these facts we determine the 
existence of crew unbalance, develop methods of improve- 
ment, establish production standards, and analyze sub- 
standard conditions. A definition of 
methods engineering stated 25 years ago by Harold May- 
nard characterizes our form of application: 


performance or 


Methods engineering is the technique that subjects each opera- 
tion of a given piece of work to close analysis in order to eliminate 
every unnecessary operation and in order to approach the quick- 
est and best method of performing each necessary method of op- 
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eration; it includes the standardization of equipment, methods 
and working conditions; it trains the operator to follow the 
standard method; and when all this has been done, . . . it de- 
termines by accurate measurement the number of standard hours 
in which an operator working with standard performance can 
do the job 


Method improvement is our main theme. Careful in- 
quiry and investigation are a necessity if you are to find 
a better way of doing a job. We look to the Industrial En- 
gineers as a focal point for new ideas and to keep abreast 
of what others are doing in our industry. From informa- 
tion acquired through trade periodicals and from field 
trips into other mine operations, several analytical re- 
ports are prepared annually. 

In collaboration with other members of the manage- 
ment team, the Industrial Engineers are the medium 
whereby a substantial portion of ideas and plans for cost 
reduction and changes in methods and procedures are 
originated and carried through. 

The major functions and responsibilities of the Indus- 
trial Engineering Director are outlined as follows: 


1. Reports to and Supervises 
The Industrial Engineering Director reports to the Staff Director 
and supervises the assistants in his office 


2. Scope and Objectives of Position 

The Industrial Engineering Director serves management by 
providing information and data through time studies, investiga- 
tions and inspections; he summarizes his findings in his reports 
and indicates the weaknesses and faults in the production cycles; 
he observes opportunities for improvements in methods and 
makes suggestions for improvements; recommends ways to in- 
crease production and lower costs through the most efficient use 
of machinery, equipment and manpower. Keep the necessary rec- 
ords of his studies, production performances and all other pertinent 
data in order to furnish management with constructive and relia- 
ble information 


3. Responsibilities, Authorities and Duties Concerning Safety 


The Industrial Engineering Director must be continually safety 
conscious, and in so doing shall: 

a. Obey all safety regulations in the mines when performing his 
work and traveling therein 

b. Report any unsafe conditions that he observes and recom- 
mend their correction 

c. Consider the safety factor in planning or revising operating 
methods 

d. Require the observance of all safety rules and practices by 
the men under his supervision 


4. Responsibilities, Authorities and Duties Concerning Manpower 
The Industrial Engineering Director maintains relations with 

those directly under his supervision as well as those with whom he 

comes in contact while making studies, and in so doing shall: 

a. Train newly emp!oyed Industrial Engineers to anxlvze mining 
conditions and mining methods, and in the technique of time 
studies 

b. Observe the ability of hourly men during his studies and 
recommend to the General Manager promising prospects for super- 
visory positions 

c. Suggest changes in sectional lineups to the Mine Foremen 
whenever he believes improvements will result therefrom 


5. Responsibilities, Authorities and Duties Concerning Operations 


The Industrial Engineering Director, in performing his work, 
shall: 
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a. Make analyses of physical conditions in sections and deter- 
mine the effect of unusual conditions on production. 

b. Shall suggest to the Mine Foremen and Superintendents 
certain specific methods that are successful in one mine and which 
may have a direct application in the other mines. 

c. Make time studies of new methods or of old methods that 
are not up to production standards. Analyze these studies and 
make recommendations for operarting improvements. 

d. Serve as spokesman for the Industrial Engineering office 
in his trips to the various sections by explaining methods and 
policies of his department to the operating personnel, especially 
in regard to the setting of production standards for sections. 

e. Make detailed and analytical reports of sections as to physi- 
cal conditions and operarting methods 

f. Whenever convenient, handle special assignments within 
the mine at request of operating personnel such as analyses of 
supply distribution, haulage problems or face preparation 

g. Make studies of tipple operations 

h. As far as able, report on care and condition of equipment. 

i. Prepare each week reports on performance showing ratio of 
production to standards, delays and their effect. 

j. Prepare monthly for management, reports showing in detail 
improvements or poor showings of mines and sections and giving 
reason for same as determined by his department’s studies. 

k. Make visit to mines and plants of other companies to see 
new equipment in operation and to study their methods 
Authorities 


6. Responsibilities and Duties Concerning Relation- 


ships 

The Industrial Engineering Director cooperates with others from 
within and without the company for attainment of common ob- 
ectives, and in so doing shall: 

a. Cooperate with the operating personnel on the sections by 
pointing out ways and means of improving production 

b. Cooperate with the Mine Foremen and Superintendents by 
making special time studies for them 

c. Cooperarte with all departments by making special studies 
and providing reports whenever requested 

d. Cooperate with the Maintenance Superintendent in pre- 
paring change-out schedules and analyzing delays 

e. Cooperate with the Staff Director and supply him with re- 


ports of studies 


ORGANIZATION AND PROCEDURES 

An organization chart of one of our companies or divi- 
sions is shown in Figure 1. This is fairly typical of our 
mine organization and gives you a fair picture of where 
the Industrial Engineering office is located. One of our 
original jobs for this office was a careful study of our 
organization to see that lines of authority were clear-cut 
and to prepare for each supervisor a write-up of his func- 
tions and responsibilities. 

At each of the six divisions of our company, our super- 
visors have now or have in preparation manuals of opera- 


tion which set forth details of operating methods and pro- 


cedures. Although we experience the usual organizational 
task of having the manuals used and lived up to, to the 
extent that we would prefer, we feel that we do get tre- 
mendous benefits from the planning of a procedure, by 
writing of it, and from the discussions it stimulates. These 
blueprints of operation are also very helpful in training 
a new supervisor. The writing of manual procedures takes 
a specific talent and is sufficiently exacting to be good 
training. Our Industrial Engineer becomes better in- 
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formed on the organization of a division when he writes a 
procedure. 


SUPERVISORY INCENTIVE PLAN 


All of our supervisory employees participate in an in- 
centive or bonus plan of some type. The Industrial En- 
gineer is directly responsible for the administration of the 
incentive plan for the mine foreman, maintenance fore- 
man and section bosses. At this point mention should be 
made of the hourly employee status as related to wage 
incentives. You no doubt know that incentives are pro- 
hibited by the United Mine Workers union. Many coal 
companies nevertheless have an incentive plan for their 
supervisors. Coal is mined with the use of several units 
or seperate crews in a mine. Each unit (8 to 10 men) 
has a foreman or section boss, as he is known in mine 
language. Inasmuch as the hourly employees are on day- 
work, we obtain an indirect incentive effect on the crew 
by providing for the foreman a stimulation for improved 
productivity. 

Regular evaluation of underground mining conditions 
is made by the Industrial Engineers to keep current the 
tonnage standards assigned to each section. Performance 
reports published weekly and monthly furnish manage- 
ment with a measure of productivity. Where a weak per- 
forming unit does not respond to routine followup by 
line supervision, a study of the unit may be called for 
A detailed record by the Industrial Engineers of a full 
shift’s activity can usually reveal the causes for sub- 
standard performance. 

The incentive plan is not complicated. When a produc- 
tion section reaches 82 percent of the production standard 
the section foreman starts sharing the profit on an ascend- 
ing pay curve. Our foremen will average a bonus of $75- 
$100 per month. This is approximately a 15 percent addi- 
tion to their base salary. 

Generally we find a correlation between performance 
and supervisory quality. Although “the cream rises to the 
top” principle in personnel is still valid, the existence of 
documented and accurate records of performance provides 
a valuable basis for sound personnel evaluation. 


PREVENTIVE MAINTENANCE PROGRAM 

About five years ago our maintenance superintendent 
and our general manager at the Princess Elkhorn Divi- 
sion developed, with the assistance of a management 
engineering firm, a preventive maintenance program pat- 
terned after a plan used in the aircraft industry. That 
industry caleulates the life of a piece of equipment or 
component part, based on actual practical experience. A 
frequency of overhaul is then scheduled to prevent the 
occurrence of a breakdown or failure. Our Industrial En- 
gineering office had a large part in this development, An 
extended analysis was made of each type of equipment to 
learn accurately its performance history, what parts were 
most troubled, and what breakdown causes were affect- 
ing the equipment. From this basic information the pro- 
cedures and change-out schedules were devised. A master 
schedule board is the main control of the plan. Although 
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the function of the program is the responsibility of the 
maintenance superintendent, the Industrial Engineer can 
be a constant observer of the scheduled activity and re- 
view regularly all emergency or non-scheduled main- 
tenance work. 

This program has been of material assistance to us in 
reducing our downtime. In addition, we accomplish con- 
siderably more and better maintenance work when it is 
done in our outside shop. Underground repairs are usually 
made under adverse circumstances. We are using mobile 
equipment in all underground operations. We mine in coal 
seams averaging down to 32” in thickness. Each section 
crew is operating four large pieces of equipment in a con- 
fined area. The equipment is constantly on the move 
is working in all the variations of grade, mud, water, and 
rock that the natural conditions of a mine impose. Cut- 
ting and loading of coal is now a fast moving operation 
and requires rugged equipment to withstand the severe 
wear. Our section crews spend an hour per eight-hour 
shift in traveling to and from their underground work 
places and in performing the usual start and stop duties 
at the beginning and close of the shift that all jobs entail. 
Production time for us assumes therefore extra value. 
Broken down equipment a mile underground cannot be 
endured too often. 


and 


WAREHOUSING AND SUPPLIES 


Our Industrial Engineers also have done much to affect 
improvements in warehousing and supply. We have mod- 
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ernized our warehouse procedures and inventory controls. 
Supply budgets have been very carefully evaluated and 
established so that our cost in this area is more carefully 
controlled. I won’t go into detail here because you are 
acquainted with this type of operation in your own in- 
dustry. 


TRAINING PROGRAM 


An old principle says that cost control must mean cost 
reduction. Since it is people who spend the money, then 
only through people will costs be controlled. 

Fundamental to the life of any business is an aware- 
ness by its people of the costs of materials used and of 
work done. A knowledge of the costs must be matched 
with a knowledge of what to do about managing them. 
Industrial Engineering at this point provides a valuable 
service to supervision. 

In the Industrial Engineering office we try to keep one 
trainee who is a young man and has earned his mine fore- 
man’s certificate, thus certifying him to perform as a sec- 
tion boss. We find that if these men have a minimum of 
two months in this office they get a new and better under- 
standing of management problems. Bear in mind that 
these men have been good union members all their work- 
ing years and are without supervisory experience or train- 
ing. By familiarizing them with the Industrial Engineer- 
ing office and its procedures, these trainees gain a wide 
range of knowledge as they are introduced to the many 
facets of the organization. During this period we use these 
Volume X 
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men as relief foremen covering absences of regular 
supervisors. A smoother transition into the supervisory 
role is achieved. We have proved the superiority of this 
type of trained man over those who are pulled right out 
of the ranks to begin their supervision without such train- 
ing. 


CONCLUSION 


I have given you a few examples of the type of effective 
work that our Industrial Engineering offices are perform- 
ing. Certainly these offices are a very valuable and in- 
tegral part of our working organization and management 
team. 

Our industry needs much more of this type of analysis. 
Industrial Engineering is so different from the type of 
planning and thinking that the superintendent or foreman 
have to do or even have time to do. A supervisor, loaded 
with his daily routine, does not always have enough op- 
portunity to sit and think and plan. A staff man can ful- 
fill this need and can be objective about all the factors. 
A more completely developed program and conclusion is 
the result. Industrial Engineering must always rely 
heavily on the supervisor and cooperate with him very 
closely. 

Only by using a major part of our profits to buy new 
and better production equipment can we keep our com- 


pany strong and competitive. We would not be in business 
today, combatting high costs and a weak market, if this 
policy of profit reinvestment had not been followed 
through the years. 

When we spend these dollars, which represent much 
work on the part of a lot of people, thorough preparatory 
study is needed. Information and analyses by the Indus- 
trial Engineers help to decide what we should buy. Cur- 
rently, for example, three large mining equipment manu- 
facturers are selling new low coal loading machines. Each 
of the loaders will have several good features. Which one 
will do the best job for us? We will learn this answer by 
performance trials. From the information obtained and 
analyzed during these efforts, a decision will be made. An 
important part of our future rests on how good that de- 
cision is. Furthermore, once new equipment is bought 
there is often another series of studies required to bring 
the equipment to its expected performance. 

Thus, it is proper to conclude that the type of work 
being done by the Industrial Engineer, not only in our 
industry but in others, is a most valuable adjunct to 
progress. Frankly, I don’t know how a company can get 
along without Industrial Engineering. You should be 
proud of your profession. The art of Industrial Engineer- 
ing is advancing. This qualitative growth brings larger 
challenges and opportunities. 
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Obsolescence and Economic Lot Size 


by R. C. GRASSI 


Associate Professor of Industrial Engineering, University of California, Berkeley 


and A. J. GRADWOHL 


Logistics Analyst, General Electric Company, Santa Barbara, California 


Oxr of the problems confronting a manufacturer is to 
produce enough pieces on a given set-up so that the sum 
of the unit set-up cost and the unit storage cost is mini- 
mized. If a large number of pieces is produced the unit 
set-up cost is small and the unit storage cost is large; 
conversely a small number of pieces produced results in 
low unit storage cost and high unit set-up cost. Economic 
lot size determination serves as a guide to minimize these 
cost components. 

Camp presented (1922) a general formula to determine 
economic lot size so that the sum of the unit set-up cost 
and the interest on stores investment would be a mini- 
mum (1). Subsequently Raymond, Lehoezky, Norton, 
and others developed more specialized formulae but the 
approach remained the same: namely, minimize total 
unit cost by considering the cost components which 
vary directly and inversely with lot quantity. These 
methods differed mainly in the definition of the various 
cost components. 

Obsolescence was considered initially in economic lot 
size determination by Parrish as a portion of the cost of 
carrying inventory (1). For the case of lot size determi- 
nation in the aircraft industry, Chambers, Leake, and 
Bond considered obsolescence in a probabilistic manner 
(3). However, it appears that obsolescence has not pre- 
viously been considered in the manner presented here. 
The economic lot size formula developed is general in 
nature and clearly shows the significance of obsolescence 
in economic lot size determination. 

When goods are produced at a rate greater than con- 
sumption there is a risk that unconsumed goods may 
subsequently be unsuitable for consumption. Obsolescence 
is only one of the phenomena which can render uncon- 
sumed goods unsuitable for consumption; others being 
fire, theft, and insurable events. However, some manu- 
facturers of durable goods incur obsolescence through 
design changes more often than for other causes. The 
design of parts or Components may change from time to 
time for a variety of reasons, the most prevalent being tu 
improve performance and/or appearance, and to facili- 
tate manufacturing. 


OBSOLESCENCE 


In the investigation from which the data were ob- 
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f(®) =ae. 


tained, parts unconsumed subsequent to design changes 
(inventory) are considered obsolete and are either 
scrapped, re-worked, or used for service requirements (2). 
In any event it is ordinarily undesirable to use obsolesced 
parts for production and the presence of such parts re- 
sults in a capital loss. 

The history of a part which has undergone one or more 
obsolescences will be marked by one or more terminated 
life spans and an unterminated life span. The terminated 
life span of a part can be determined by the time interval 
between the dates of inception (birth) and obsolescence 
(death). The unterminated life span of a part is taken to 
be at least equal to or greater than its present life, the 
time interval between the date of its inception (birth) 
and an arbitrary reference date. 

Consider a total of n terminated and unterminated 
life spans of length Ti(i=1, 2, ---, n) associated with 
a group of r parts such that n>r. A plot of the relative 
frequency with which a terminated or unterminated life 
span of length 77 <¢, can be constructed. In an actual 
ease (2) the relative frequency was simulated by an 
exponential probability density function, defined by 
An estimate for the parameter a can be 
determined by maximum likelihood estimation. The joint 
probability density function, P(7'7), of the n observations 


1S 


L = Il ae~ =! 
im! 


n 
=a" exp — a ps Ti 
i=l 
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InL =nlna—a >, Tilne 


i=] 
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= —->vTi 
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Differentiating and equating to zero results in 


n 


si Ti 


Thus, 1/a is estimated by the sample mean of 7%, 
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n. Since 


: l 
E(t) = (mean life) -{ tae~“'dt = — 
0 a 
the maximum likelihood estimate for a is the reciprocal 
of the expected life span of the “obsolescence rate’”’ 


n 
obsolescences/unit time. 


a 
t=! 


With the assumption that the r parts will tend to behave 
in the future as in the past (2), obsolescence can be con- 
sidered explicitly in determining economic lot size for 
the r parts by means of a probabilistic cost function. 


COST FUNCTION 


Assuming goods are intermittently produced for in- 
ventory and are withdrawn from inventory continuously 
at a uniform rate and that the production rate is very 
much greater than the usage rate, the inventory posture 
becomes the classical saw-tooth pattern. If Q is the pro- 
duction lot quantity and B is the buffer stock quantity 
the unit production cost may be expressed as 

S 
P=D+ 
Q 


where D is the sum of the unit material, labor and over- 


Kq. 1. 


head costs, and S is set-up cost per lot. 

The annual inventory cost is the product of the mean 
inventory (B+(Q/2)), the unit production cost given in 
Eq. 1., and the annual inventory charge rate, 8. The 
unit inventory cost Tis given by 


Q S\ 1 
I (3 . )(v + ) 
2 Q/R 


where F is annual part requirement. 


Kq. 2. 


To find the expected unit cost due to obsolescence it is 
necessary to consider the exponential probability density 
function 

f(t) = ae, 

If a lot of size Q is manufactured when a part is at age 
A years, the lot will be used up when the part reaches 
age (A+(Q/R)) years. The probability that the part will 
obsolesce during an infinitesimal time interval d7, occur- 
ring at a time 7 after A is the conditional probability 
density that the part will obsolesce during dr given that 
the part was alive at A years. 

P\(A+r) <7T< (A+rt+drniTe= A} 


ae~eAtndr 
“dr. Kq. 3. 


The expected number of parts lost due to obsolescence 
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during dr is the product of inventory during dr (B+Q 
—Rr), and Eq. 3. 
(B+ Q — Rr)ae~*"dr. Eq. 4. 


The expected number of parts lost during the time inter- 
val from A to (A+(Q/R)), or the expected number of 
parts lost per lot due to obsolescence, is then the inte- 
gral of Eq. 4. between the limits of zero and Q/R 


QIR 
J (B + Q — Rr)ae~*"dr 
0 


R 
= (8 - ) (1 — e*@/2)) +Q Eq. 5. 
a 


The expected unit loss due to obsolescence becomes 


S\ ((B — R/a)(1 — e-#@/®)) 
a (p + )( a in Hie +1). Eq. 6. 
Q Q 


The total unit part cost C represented by the sum of the 
unit production cost P, the unit inventory cost J, and 
the expected unit obsolescence cost Z, as given in Eq. 1., 
Eq. 2., and Eq. 6. 


C=P+I+E 
S ¢ 
Q 2/ Rk 


+ 


(B — R/a)(1 — — 
———— Eq. 7. 
Q 


Differentiating Eq. 7. with respect to Q and equating 
to zero, i.e. dce/dQ=0, would yield an expression which, 
when solved for Q, would give the economic lot size. 
However, the derivative is an expression of third order 
in Q, and Q appears in the exponent of the exponential 
term. A computationally feasible expression for eco- 
nomic lot size results when the exponential term 


e a(Q/R) 
in Eq. 7. is approximated by 
aQ a? at? 


i Re ee a - 
Rk 2k? 6R* 


ant" 
nIR” 
The sum of the series differs from the sum of the first 
N terms by less than the absolute value of the (V +1)st 
term, so when 

al) art)? 
R 2h? 


e-2Q/R) ~ | — Eq. 8. 


the percent error is less than 
abl)’ 
6R* 


—_—- 100, 
e7 2 (Q/R) 
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Substituting Eq. 8. in Eq. 7 
S\ ( Q\ B 
- (v + )q2+ (2 + =)s 
Q 2/2 
R 
(8 - \Jr-(1-S+ 
a R 
+ ons: . cannes: 


Q 
Now 


dC D(a + B) DBaé 
= val . —_ . —_ Ss l 
dQ 2R 2k? 


and the economic lot size is 


/ 2Rs|1 += +s (a + on 


/ D(( + — ) 
V (a B) R 


Eq. 9. can be simplified by expressing buffer stock 
quantity B as a function of the annual requirement R, 
for example 


B= yR cq. 10. 


and when Eq. 10. is substituted in Eq. 9. 


/2RS(1 + y(a + 8)) =r 
D(a + B — ya?) 


For y=0 (i.e., buffer stock not considered), Eq. 11. be- 


comes 


\ a5 
- 5 : Eq. 12. 
D(a + B) 


and if X=a 


are considered), Eq. 


0 (neither buffer stock nor obsolescence 
12. reduces to 


q=- 4/= 
he DB 


the classical economic lot size equation. 


Kq. 13. 


SUMMARY 


The significance of obsolescence in economic lot size 
determination is readily seen in Eq. 12. 


/ 2RS 

D(a +B) 

The obsolescence rate a is seen to be directly additive to 
the annual inventory charge rate 8, becoming an added 
deterrent to large lot sizes. For example, let RS/D be 
constant and with 8=.10, and a=.40 (expected part life 
span of 2.5 years), the economic lot size is reduced to less 
than 50% of the value obtained in the classical formula. 


Q= 
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Thus obsolescence can be a significant and potentially 
dominant factor in economic lot size determination. 

The solution presented is for the particular case of an 
exponential part life distribution. However, the general 
method developed could be used with other life span 
distributions, e.g. Erlang. 
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Competitive Management Simulation 


by CLIFFORD J. CRAFT 


Manager, Management Controls Department, Peat, Marwick, Mitchell & Co., New York 
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How to get its share of the available executive talent 
is a serious problem for any company, particularly in an 
expanding economy in which the number of managerial 
jobs is constantly multiplying. Simply to hire needed 
talent away from another company is no solution when 
the total supply is—as it seems to be—growing less 
rapidly than the total demand. 

So a number of American companies, particularly the 
large organizations that need talent in large quantities, 
are trying to develop their own. This is one reason for 
the striking growth of executive development programs 
over the last ten years or so. More than half of the 460 
companies surveyed on this subject by the American 
Management Association in 1954-55 had some systematic 
plan, program, or method to facilitate the development 


of people in or for management responsibilities. In 1946, 
in contrast, only 5.2 per cent of 3,498 companies surveyed 
by the National Industrial Conference Board had execu- 
tive training programs. The results of these two studies 
are not strictly comparable; the AMA sample included 
a higher proportion of companies likely to have such 
programs. But they do offer some statistical evidence of a 


trend already noted by many observers of the manage- 
ment scene. 

Business leaders have always been trained in some way. 
Even the tycoons of the old “intuitive” school of manage- 
ment did not appear on the scene spontaneously. But the 
formalized approach to executive development came in 
with the organization man. It is still a relatively new 
concept. As a result, we still know a lot less than what we 
should know about teaching a man how to manage a cor- 
poration—or even just a part of it. 

Most present-day executive development programs pro- 
vide two types of training: education in facts and ideas, 
and training in management skills through practice on the 
job. The first type includes such relatively formalized 
activities as courses taught on company premises; spon- 
sorship of participation in courses, seminars, and other 
educational meetings conducted by universities and as- 
sociations; and company discussion groups for manage- 
ment personnel. These have the weakness that the in- 
formation is transmitted only intellectually. The trainee 
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does not “live” the situation, and the knowledge acquired 
does not become part of his habit patterns. The second 
type is illustrated by job rotation, junior management 
committees, and on-the-job coaching. This training does 
succeed in conveying skills but usually only in a narrow 
area. For example, an executive understudy usually can- 
not be allowed to live the job of the president, lest the 
company not survive the experience. 


SIMULATION IN TRAINING 


A new training device called stimulation or (more 
popularly) management gaming seeks to combine the 
merits of both types of development programs—to impart 
the broad company view now usually taught in lectures 
but to impart it as a skill rather than as an intellectual 
concept. Management simulation is a technique for letting 
the trainee, who may be a junior executive, a specialist, 
or even a president, actually run an artificial company or 
some portion of it, usually in competition with others. 
To make this feasible, game designers have borrowed 
from another field in which businessmen have been evinc- 
ing growing interest, the idea of scientific simulation— 
usually by means of a mathematical model—of a busi- 
ness situation. 

The first practical business game, a competitive gen- 
eral management game called Top Management Decision 
Simulation, was developed two years ago by the American 
Management Association. AMA now is using several dif- 
ferent games as training techniques in some of its semi- 
nars and courses for business executives. These programs, 
which are intended to increase executives’ competence in 
making business decisions, also include lectures and dis- 
cussion sessions on such topics as organization, planning, 
review and appraisal, and decision making, But these 
principles are brought to life by a series of “simulation 
exercises.” 

Many companies and universities also have developed 
similar exercises and have incorporated them into their 
various training programs. Recent conferences on busi- 
ness games and management simulation (e.g., the Univer- 
sity of Kansas meeting last December and the AITE 
Second Systems Simulation Symposium last February) 
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have affirmed the important educational value of gaming. 
All indications are that the use of simulation exercises 
and games in executive training programs will increase 
substantially in the next few years. 

Many refinements have been introduced into manage- 
ment gaming since Top Management Decision Simulation 
was introduced. However, it remains sufficiently typical 
to illustrate most of the advantages and disadvantages of 
the technique. We shall, therefore, use it as an example 
and describe it in some detail. 


AMA SIMULATION EXERCISE 


The AMA top management simulation exercise was 
based on a mathematical model of the business world. 
This model consisted of a group of cause-and-effect 
formulas or mathematical equations that determined the 
interaction of the decisions made by each competitor in 
the exercise. The results were calculated by an electronic 
computer, which contained in its “memory” the formulas 
of the model and thus was equipped to act as scorekeeper. 

Participants in the exercise were divided into up to five 


teams or “companies.” All companies were assumed to be 
manufacturing, in direct competition with each other, one 
identical product in the five to ten-dollar price range. At 
the beginning of the exercise, each company had exactly 
the same share of the market, exactly the same dollar 
value of assets, and exactly the same range of choices 
available. 

The teams were given a fixed amount of time, initially 
about forty-five minutes, to organize their companies, 
plan their strategies, and select their decisions for the first 
period of the exercise, which represented three months or 
a quarter of a year in terms of the real business world. 
They elected officers, drew up organization charts, and 
prepared job descriptions for the functions involved 
unless they decided to choose some other form of manage- 
ment such as a committee. They set their companies’ 
business policies and objectives, spelling them out in writ- 
ing, and set up annual and long range budgets for their 
firms. Then, from a list of specified alternative amounts, 
each company decided what price it would charge for the 
product during the quarter and how much it would spend 
for production, marketing effort, research and develop- 
ment, and additional plant investment 


CYCLE OF STEPS IN AMA EXERCISE 

The companies indicated their operating decisions by 
circling them on a form, distributed to them at the start, 
which showed how much money each team had and on 
what it could be spent. When the choices had been made, 
the forms were collected and the decisions were key 
punched on cards for processing by the computer. Using 
the formulas in its memory, an IBM 650 computer cal- 
culated for each company the effects of its own and its 
competitors’ decisions on the company’s financial and 
operating position. Five minutes later each team received 
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a new balance sheet and income statement, printed by an 
IBM 407 printer, showing how much of the product the 
company sold during the quarter and what its costs and 
profits were. 

The companies were given about fifteen minutes to 
review their results, see how well they did during the 
quarter, try to guess what happened to their competitors 
and what the latter were going to do next, and revise their 
own tactics accordingly. Then, they circled their new de- 
cisions for the next quarter. This cycle was repeated 
quarter by quarter until the equivalent of several busi- 
ness years had elapsed. In a few days’ time the exercise 
could simulate ten years of business operation. After the 
end of the exercise, the participants met in a “critique” 
session to get a look at their competitors’ results, com- 
pare notes on strategies, and analyze where they went 
wrong and why. 


ROLE OF THE COMPUTER 

The complexities of the decision-making process in the 
AMA simulation exercise arose naturally out of the multi- 
sided, multi-stage nature of the simulation. The model 
itself was mathematically a simple one. It did not really 
require an electronic computer as scorekeeper. In the 
early stages of the development of the simulation model, 
the results of the participants’ decisions were calculated 
by the research group on desk calculators. Computations 
for a single period took about 45 minutes. Performing 
these computations on a computer enabled the AMA re- 
search group to make the simulation exercise more real- 
istic for both participants and staff without increasing 
in fact, reducing—the total computation time. The total 
processing cycle—of key punching, computing, and print- 
ing—took less than five minutes on the 650. Using a com- 
puter, a wide variety of mathematical and clerical serv- 
ices could be performed for the participants, freeing them 
to concentrate on actual] decision making. Also, the results 
of decisions were available almost instantly, a factor of 
considerable psychological value in any training situation. 

Only the basic IBM 650 computer system was utilized 
in the AMA simulation exercise. The only memory unit 
employed was the magnetic drum. Information was read 
into and out of the computer on punched cards. The out- 
put ecards were translated into report form by an IBM 
407 printer. Before the exercise began approximately 1500 
machine instructions, which the computer executed dur- 
ing the exercise, were loaded onto the magnetic drum from 
punched ecards. 

The computer used was a self-checking machine. When 
an error was made, the machine stopped and an indicator 
lit on the control console. Since the machine never could 
make an undetected error, no checks needed to be built 
into its instructions. It was programmed, however, with 
several checks to guard against input errors. When the 
teams’ decisions were inserted into the computer, it added 
up each company’s expenditures and compared the total 
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with the total funds that the company had_on hand. If a 
team spent more than its available working cash, compu- 
tations were halted, and the company was notified that it 
must make a new set of allocations. A similar check could 
have been used to prevent a company from deciding to 
produce more units of product than was possible with its 


existing plant capacity. Instead, the computer was in- 
structed simply to list as decision alternatives on the 
quarterly report form only those manufacturing levels 
that were feasible. 

The availability of an electronic computer was of great 
value in the development of the simulation model, The 
effect of slight changes in the mathematical model could 
be determined more rapidly and more easily than by hand 
calculations. Further, its use in the simulation exercise 
provided the advantages of clear, concise, error-free re- 
ports of results; simplicity of play for participants, and 
speed in evaluating decisions. The computer also per- 
mitted a more realistic model, more combinations of re- 
ports, and more data collection for analysis. 


GAME THEORY, OPERATIONS RESEARCH 
4ND SIMULATION 


Management simulation is an outgrowth of game 
theory, the mathematical solution of the strategic and 
tactical problems found in such games as bridge, poker, 
dice, and football, and of such related analytical tech- 
niques as system simulation. Under such names as opera- 
tions research, operations analysis, management science, 
or management research and synthesis, this whole com- 
plex of mathematical techniques is now being applied to 
the solution of business problems in many large com- 
panies. The underlying assumption is that a business 
problem can be solved in much the same way a scientist 
solves a problem in a laboratory, that is, by setting up a 
series of tests and then determining by experimentation 
or by straightforward mathematical analysis which of 
several possible solutions is the best or optimum. 

To solve specific types of business problems, special 
mathematical theories have been developed. Linear pro- 
gramming is a mathematical method developed to maxi- 
mize or optimize the scheduling of activities and the allo- 
cation of resources in cases where the return may be 
assumed to be directly proportional to the effort ex- 
pended. Dynamic programming is a more sophisticated 
mathematical technique used to treat problems involving 
a sequence of decisions in cases where the various factors 
involved are not simply proportional as in the linear pro- 
gramming case. There are business problems that, because 
of the large number of variables involved, defy mathe- 
matical solution, even with a computer to perform the 
tedious calculations involved. To deal with them business 
researchers have turned to game theory and its corollary, 
simulation. Simulation involves the development of a 
model, usually mathematical, sometimes physical, and 
sometimes even a combination of the two. Physical 
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models, like the wind tunnel and the Link trainer, simu- 
late the problem of the airplane or its controls under 
flight conditions. The armed forces use both mathematics 
and visual and electrical devices to simulate a war, with 
all the noise, pressure, and other elements of a combat 
situation that can be reproduced artificially. Sometimes 
the simulation is of an analogous situation rather than the 
actual problem. Monte Carlo theory, for example, relates 
a simple process like throwing dice to the solution of a 
business problem like production scheduling. 

In all these cases the model represents a microcosm of 
the reality. A system is simulated where the problem is 
one of man versus environment—in business, where man, 
machines, and facilities are pitted against an environment 
of uncertainty. Where, as in most business problems, the 
situation is that of man versus man or of man versus 
man and the environment, a somewhat more complicated 
technique may be used, that of competitive simulation. 
The AMA simulation exercise was an example of com- 
petitive simulation. Mathematically speaking, it was a 
multiphased, multi-sided simulation exercise. 


BENEFITS TO THE PARTICIPANTS 

As a training device, the simulation exercise was de- 
signed to give the executive intensive practice in the 
analytical techniques of decision making—in the process 
of selecting from a mass of available facts those that are 
pertinent to the problem he must solve, analyzing their 
meaning for the future, and deciding on an appropriate 
course of action. It also demonstrated vividly, to those 
executives who normally do not make decisions involving 
the company as a whole, how the top man must balance 
a myriad of competing and interrelated factors in guiding 
the operations of his firm. 

The chief contribution of top management decision 
simulation to executive training was in the actual experi- 
ence gained in decision making, together with the rapid 
reporting of results. An executive's highly intense “life” 
in the simulated business world increased his understand- 
ing of the decision process and sharpened his skills in: 
1. collecting, evaluating, and analyzing data; 2. diagnos- 
ing situations; and 3. developing alternative solutions. 
However, the experience itself was not enough. Reflee- 
tion, interpretation, and discussion were needed to crys- 
tallize it. 

In group critique sessions after the end of a simulation 
exercise, participants reviewed the results of the exercise 
and compared data on critical events. They explained 
their own strategies, considered where they failed and 
why, and criticized each others’ results. The process of fill- 
ing in informational gaps, sharing experiences with other 
teams, and focusing upon the critical periods in which mis- 
takes and successes occurred was designed to build in each 
participant an increased awareness of the role of planning 
and reviewing in business decision making as well as to 
develop some skill in the use of these management tools. 
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SIMULATION COURSES 


In some of the courses now being conducted by AMA 
at Saranac Lake the key aspects of decision making are 
covered experientially in the simulation exercises, high- 
lighted in critique discussions, enlarged upon in project 
sessions, and-related to the larger context of business 
reality by guests lecturers. The phases of business man- 
agement covered in the course curriculums include such 
important topics as: 


1. The collection and objective evaluation and analysis of in- 
formation 
The synthesizing of tentative decision alternatives. 
The implementation of decisions through operations plan- 
ning and review. 

. The proper organization for decision making. 
The contributions to decision making of statistical analysis 
and operations research 
Minimizing the area of uncertainty 
The limiting factors inherent in the sequential nature of 
business decision making 
The importance of functional balance and internal coordi- 
nation in business decision making 
Dealing with the necessity of commitment in the face of 
uncertainty 

. Gaining acceptance and support of the decision by the 
working organization. 


As a training tool management simulation is unique 
in the realism with which it reproduces business decision- 
making situaticns and in the intensity of the participants’ 
emotional involvement. One of the graduates of the first 
course in which this technique was used, an executive vice 
president of a large manufacturer, commented, “There 
is no substitute for on-the-job training, particularly in 
top management positions, and this course is the closest 
I have yet seen to such training in a nearly real-life busi- 
ness situation.” 

Everyone who attended that first course took the 
simulated exercises very seriously. They put in long 
hours, frequently ignoring the scheduled break periods. 
On an average, at least a third of them worked straight 
through the recreation hours, poring over reports, plotting 
graphs, planning their next moves. Sometimes they were 
still in the simulation exercise rooms as late as one o’clock 
in the morning. One Sunday three executives came to work 
for their simulated “company” between church and lunch. 
Another executive pointed out, “You don’t need to look 
at their badges to identify the men taking the decision- 
making course. They always look so intense, act as if they 
had nothing on their minds but business.” Two members 
of one team almost came to blows over the company’s 
strategy and had to be stopped by their “president.” 

Competitive spirit was strong. One group put a lot of 
effort into analytical studies of the market during the 
first. simulation exercise in their course, a two-year run 
which was largely for orientation in the mechanics of the 
exercise. At the critique session they refused to share their 
strategy and the results of their research with the others, 
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arguing that they might want to use it in the next exercise. 

Although no direct contact between teams was per- 
mitted while the exercise was actually going on, members 
of teams who were doing well were unmerciful in their 
“heckling” of the less successful. One such company of 
hecklers, whose strategy left them unprepared for a sud- 
den recession in the market, saw their assets decline by 
$375,000 in one quarter. Their next-door neighbors, whose 
own results were showing steady improvement, draped a 
wreath of carbon paper on the door of the “sick” com- 
pany. The members of another team were so pleased with 
their balance sheet that they distributed green savings 
stamps to the AMA staff, who, incidentally, returned them 
when the company’s fortunes changed. 


TYPICAL REACTIONS OF PARTICIPANTS 


Top management simulation also appeared to be effec- 
tive in its objective of teaching executives the importance 
of good organization structure, coordination, and long 
range planning. One week after he returned to his com- 
pany from a simulation course, the general manager of a 
subsidiary of a large company inaugurated his organiza- 
tion’s first formal forecasting program. As a result of this 
action, his company’s expected future sales and profits 
will be forecast monthly for the next three months, for 
the next year, and for the next five years. The chief execu- 
tive of another company reports that he has formed his 
first formal management committee as a result of his 
experience in the decision-making course. He also is try- 
ing to define the various functions in his organization 
more clearly, to put more emphasis on formal training for 
his staff, and to accelerate and revise a recently launched 
executive development program. 

These ideas are not new to industry, of course, and 
usually not even new to the men who take them home 
from a simulation course. Said one participant recently, 
“T had known these things in theory for years, but I never 
really felt them before.” Said another, “The course makes 
you realize you’ve got to start now to apply some of these 
ideas you’ve been toying with for years—or you may not 
survive. Simulation is an alerting type of course.” 

Some have absorbed from the simulation exercise a new 
realization of the importance of specific operating factors 
they may have been neglecting in their own jobs. A 
financial executive in a non-manufacturing firm was par- 
ticularly impressed by the effect of research and develop- 
ment in the simulation exercises and began trying to per- 
suade his management to put more emphasis on research 
and development. A treasurer was impressed by the 
market research tools used in the simulation exercise and 
adapted them for his own use. A president who took part 
in one of the tests of the AMA model realized, after 
watching marketing expenditures at work in the simula- 
tion, that a new product his company was launching pos- 
sibly had not been given a big enough advertising budget 
—so he upped it. A manager of a large railroad put it this 
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way, “One benefit relates to flexibility of thinking. I sus- 
pect that there may be quite a few participants who come 
to a simulation course with pretty fixed ideas as to the 
proper ratio of marketing or R & D expense to sales based 
on the traditions of their own companies or industries, 
but who go away with at least a little question in their 
minds as to whether some other ratios might not pro- 
duce greater net income.” 

The course also seemed to have some psychological 
effect—for example, in increasing objectivity and self- 
confidence. Said an executive vice president of a large 
electrical manufacturing company, “It has stimulated me 
to have more information about our competition and our 
own market position.” The treasurer and assistant general 
manager of a steel and wire company put it this way: 
“Today I find myself aiming at the key facts and sorting 
them with more purpose than in the past.” He added, 
“The concentrated training, with open and frank analysis 
of results, gave me one additional advantage, more self- 
confidence.” The executive of the large electrical manu- 
facturer agreed, “Having been through a simulation 
course enables one to approach real life situations with 
just that much greater degree of confidence.” One vice 
president, according to the president of his company, was 
a capable executive before his simulation experience, but 
had a tendency to be indecisive and retiring. As vice 
president of the simulated company, he wanted to raise 
the price of the product but was easily overruled. Finally, 
as the simulated company’s affairs went from bad to 
worse, he exploded and insisted on a_price-raising 
strategy. It worked. Back in his own company, he was a 
changed man, his president said. He was more aggressive 
than ever before, argued in favor of the same price-raising 
strategy, and won. It worked that time, too. 


GENERALISTS VERSUS SPECIALISTS 


One of the chief effects of general management simula- 
tion exercises—at least the one most frequently men- 
tioned by the participants—is the orientation provided in 
the “big picture” of the company. Training people to 
think of their own actions and efforts in terms of the 
corporation as a whole is a problem at all levels of man- 
agement, from the president who still leans toward the 
department through which he rose, to the production fore- 
man who is hardly aware of the existence of the sales 
organization. But the higher an executive goes in the com- 
pany, the more he is required to think about the relation- 
ship of one function to another and how the job of his de- 
partment is going to improve the over-all enterprise. 

In a simulation exercise managers have an opportunity 
to play—almost to live for a while—the roles of execu- 
tives in other specialties. The financial man learns 
through simulated experience that you have to spend 
money to make money; the marketing man realizes that 
research and development may have as great an effect on 
the salability of the product as an elaborate advertising 
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campaign. One company president, whose own back- 
ground was largely military, was also elected president 
of his simulated company and spent all his time mediat- 
ing among production, sales, and finance. He said the 
experience showed him that not only he, himself, but 
many others as well, lacked the whole picture of a com- 
pany. He suggested—a remark echoed almost unani- 
mously by the others—that top management decision 
simulation may be of greatest value to men of specialized 
background or function. Along this line, the executive vice 
president of a large manufacturer quoted above said: “A 
top management simulation exercise course experience 
would be tremendously beneficial not only to our neo- 
phyte and semi-experienced division managers and their 
assistants but also to our topmost line and staff personnel, 
whose progress has been via a highly specialized route— 
engineering, manufacturing, marketing, or finance.” 


CRITICAL REACTIONS 


Most of the criticisms voiced by participants in early 
simulation exercises dealt with the details of the particu- 
lar model used. Some of these criticisms were certainly 
valid, and the models were changed accordingly. In re- 
sponse to the others the practitioners in the field simply 
pointed out that any simulation model represents a com- 
promise among conflicting objectives. 

A common complaint was that the models were not 
sensitive enough to price changes. The size of the total 
market in an early AMA model, for example, represented 
the environmental factor in the man versus man and en- 
vironment equation and was determined independently of 
the actions of the companies. The participants’ decisions 
to raise or lower price would affect only their share of the 
market—not the market itself. If all the companies moved 
their prices in the same direction, which was a long-run 
tendency in the exercise, the effect on sales was negligi- 
ble. The fact that the original model contained a total 
market that was increasing steadily at the rate of one per 
cent per quarter tended to penalize price-cutters and re- 
ward price-hikers to possibly an unrealistic degree. This 
continual prosperity was not realistic, executives pointed 
out; there should be an occasional depression or at least a 
recession. Since the formula for total market was with- 
held from the players, the research group felt that the 
actual nature of the market would not affect the com- 
panies’ strategies—the participants still would have to 
make decisions on the assumption that a recession was 
possible. Subsequently, however, the AMA staff decided 
that a fluctuating market would make the exercise more 
interesting, and the model was adjusted accordingly. 

Some executives also felt that the original model did 
not provide enough penalty for the poor control of in- 
ventory. Unsold inventory was added to total assets at 
the current cost of production. One acute executive 
brought his company in far in the lead on total assets at 
the end of the exercise by running full blast on produc- 
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tion in the final periods. The surplus inventory, which 
would have been disastrous in the real business world, 
counted as assets and swelled their final net. At his sug- 
gestion, the model was revised to include a five per cent 
inventory depreciation factor emphasizing that inventory 
is not the same as other more fixed assets. 

This problem of the end- effect still plagues all simula- 
tion exercises despite the steps taken to mitigate it. One 
possibility is not to tell the participants how many quar- 
ters the exercise will run; this approach has been tested 
several times and appears to be a practical solution to 
the problem. 

A recurring complaint was that not enough time was 
given for decision-making. However, most participants 
disagreed and regarded the time pressure as advantageous 
or even occasionally asked for more compression. Some 
executives who like to maintain charts and other analyses 
of market and competitive trends said they did not have 
enough time to do a good job of it. To overcome this 
problem AMA’s response was to give more aid in charting 
by providing forms and tools. Time compression was re- 
garded as an essential feature of the simulation model, 
both because it helped to maintain participants’ interest 
and, more important, because it kept them from fighting 
the model instead of the total business situation. 

As in any simulation model, many aspects of reality 
were omitted from the model, and most of these omissions 
were criticized by participants at one time or another. 
Tax considerations were not a strategic factor in the exer- 
cise, for example. The companies did pay taxes; 50 per 
cent was automatically deducted from the increase in 
total assets each quarter for this purpose. But taxes were 
introduced into the model as a device to control cash flow, 
not as a variable; no decision by the company could im- 
prove or worsen its tax position. 

Participants also complained about the rule against 
borrowing; all expenditures had to come out of cash. They 
asked for permission to borrow to improve their cash 
position; some recommended a dividend payout require- 
ment to reduce cash flow and make money management a 
more realistic feature. In view of the current popularity 
of diversification as a management strategy in the busi- 
ness world, some participants suggested that mergers be 
added to the model to increase realism. 

The general reply to all these criticisms was that a 
simulation exercise is only a training device—not an 
analytical tool. Any model is an abstraction of reality, 
not the reality itself. The addition of still more variables 
would have enormously complicated the mathematical 
and computational problems involved without necessarily 
adding to the training value of the simulation exercise. 

An issue that was more upsetting to mathematicians 
than to business men was the absence of a specific cri- 
terion for winning the game. Game theory, the mathema- 
ticians pointed out, has been designed for the case where 
a definite quantitative payoff function is defined and ex- 
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presses the outcome. If no definite payoff function is 
given, it has to be constructed before the theory can be 
applied successfully. However, the AMA model was con- 
structed largely without the aid of game theory because 
of the latter’s limitations where multi-sided games are in- 
volved. The model was outside game theory in the sense 
that formulas cannot be derived mathematically by ob- 
servation of the results. The real] answer to the criterion 
objection, however, was realism. In the real world there is 
no generally accepted measure of business success; execu- 
tives who took part in the simulation exercises were fully 
aware of that fact and seemed quite undisturbed by hav- 
ing to set their own goals. 


FUNDAMENTAL ISSUES 


More basic questions about the technique of simulation 
remain largely unanswered and may not be answered for 
a long time. There is ample evidence that a simulation 
exercise is effective as a teaching device. But does it teach 
the right thing? Some of the things it teaches—or seems 
to teach—are right, in the view of most executives who 
have participated in a simulation exercise. The analytical 
approach to decision making, the importance of planning, 
the value of facts, the necessity of keeping operations in 
balance—these are things every executive must learn and 
learn well. But the actions that bring success in the busi- 
ness world of the model should not be learned because 
they are not facts of life in the real world. 

Is there any danger that participants will try to apply 
literally in their own companies the strategies that 
worked in the simulation? Will they assume, perhaps un- 
consciously, that the relationships that exist in the model 
among marketing, research and development, sales, and 
production also exist in their own industries? This would 
be disastrous, for those relationships are not valid in the 
specific real life for any individual person. The partici- 
pants are told that many times, of course, but their 
experience in the exercise may tend to offset the effect of 
mere words. The danger of literally unevaluated carry- 
over is inherent in any simulation, even in the study of a 
case history. The danger is probably intensified, however, 
in a simulation exercise because of the high level of emo- 
tional involvement that is one of its most striking char- 
acteristics. 

Management simulation does seem to develop business 
decision makers, but does it develop the right kind of 
decision? The AMA model was loaded against extreme 
policies. In the effort to teach the manager to maintain 
the proper balance among the various aspects of business, 
it may have gone too far in discouraging daring innova- 
tion. Taking long chances has made fortunes in business 
but never in the AMA simulation. The principle of mar- 
ginal change made it difficult for a company to adopt any 
really drastic policy. A policy of strong emphasis in one 
area, the equivalent of an all-out sales campaign or a 
major research and development effort, could be pursued, 
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though gradually, but it did not pay off handsomely in the 
AMA model. Both marketing and research and develop- 
ment expenditures were treated as non-linear functions; 
and after certain expenditures, the point of diminishing 
returns was reached. This may not necessarily be true in 
real business, where there are qualitative as well as quan- 
titative factors. 


Constants in the formulas protected even a “do- 
company from going completely broke; no 
policy, no matter how inept, could, at the outset, reduce 
a company’s share of the market below a certain percent- 
age, for example. The model was constructed that way 


nothing” 


because the exercise was a training tool; the player elimi- 
nated from a game gets no practice in playing it. But 
bankruptey can be the outcome for a real company that 
does not keep up with new developments and is not alert 
to opportunities. Nor could a team make strikingly high 
profits in the exercise. The big fortunes in business are 
made by opening up a new market or by increasing the 
size of the old one, not by stealing customers from com- 
petitors. This was impossible in the AMA simulation be- 
cause there was only one market and new products could 
not be introduced. Was not this conservative bias just 
another of a whole complex of factors in industrial society 
tending to produce the “organization man”’?, some critics 
asked 

Perhaps so. But while it was impossible to earn a 200 
or 300 per cent profit, many teams succeeded in reaching 
reasonable profit levels. The simulated companies started 
in a relatively poor position, earning only about 3 per cent 
on their investment, with production costs amounting to 
80 per cent of sales income and with only about $10 mil- 
lion in cash. Some participants, on seeing the initial in- 
come statement, suggested that the best thing to do with 
this company was to burn it down and collect the insur- 
ance. But some teams in the simulation exercises suc- 
ceeded in increasing return on investment to 18 or 20 per 
cent in a few “years” of play 
EXECUTIVE TESTING 

Some psychologists and executives of companies that 
have sent representatives to simulation courses have ex- 
pressed serious interest in the idea of using simulation 
exercises for executive testing. They have talked about 
sending candidates for promotion to decision-making 
simulation courses or setting up similar simulations in 
their own companies as a test for prospects—with the job 
going to the “winner.” Most experts in the field, however, 
are quite skeptical. Although no formal studies have been 
made, experience to date with simulation exercises does 
not suggest any correlation between success in a particu- 
lar simulation and success in the real business world— 
nor have any specific discriminating factors emerged. 
This is undoubtedly one of the most controversial uses of 
simulation. On the other hand, while there are many pit- 
falls standing in the way of this avenue of development, 
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people are, in fact, being evaluated today by techniques 
equally crude; for example, the personal interview. Since 
simulation puts the participants under stress, careful 
psychological observation during an exercise might un- 
cover some information about a man’s reactions and 
ability to perform under pressure. 


BUSINESS RESEARCH 


Can management simulation be applied in business re- 
search? Could a detailed study of such a model in action 
teach one something about business that he could not find 
out otherwise? Most experts in the field think so, and re- 
gard business research as one of the chief potential uses 
of the technique. 

Study of the AMA top management simulation prob- 
ably would not yield any valuable insights into the theory 
of business enterprise. The model, while realistic enough 
for training purposes, was hardly realistic enough to serve 
as a tool of the economic world. Its business world was a 
highly stylized one. The value relationships among the 
resource factors were arbitrary ones, and many of the 
factors that do operate in the real world were intention- 
ally omitted; for example, chance factors like weather 
and war and the more controllable business factors like 
taxes, borrowing, dividends, and mergers. Simulation in 
general, however, would seem to be an appropriate tool 
for economic analysis. Several economists are now work- 
ing on a mathematical model simulating the input and 
output of capital in the American economy. 

For the study of management and its techniques, and 
particularly for the study of the actions of businessmen 
themselves, simulation has real potentiality. Interest in 
management concepts and principles is growing among 
social psychologists, psychometricians, and other social 
scientists. They have been attempting to develop theories 
for the order of information flow, organization structure, 
communication, and decision, but nowhere is there a 
mechanism for deriving data applicable to such an analy- 
sis. This is the standard research problem of the social 
scientists—how to set up a laboratory experiment under 
the circumstances that most of the factors or variables 
can be held constant to permit analysis of a limited num- 
ber of remaining variables. Exactly such an opportunity 
is offered by simulation models. Some use has already 
been made of simulation for purposes of management re- 
search. Simulation has been tried at Northwestern Uni- 
versity to study the development of organizations. Case 
Institute has made small studies of communications and 
organizations. One leading psychologist feels that simula- 
tion has more potential as a management research tool 
than any other single scientific technique now available. 


VALUE OF SIMULATION IN TRAINING 


Practitioners in the simulation field have been particu- 
larly intrigued by the possibility of studying the teaching 
impact of simulation exercises by measuring how much, 
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if at all, they change a participant’s attitudes on such 
business subjects as planning and organization. Prelimi- 
nary studies by two psychologists and the Rand Cor- 
poration indicated that such research is feasible but 
costly. 

Graduates of any simulation course seem to emerge sold 
on the concept of simulation and scientific techniques of 
decision making. The number who already are beginning 
to apply these ideas in their own companies attest to that. 

To some, management simulation also looks like an 
ideal psychological laboratory for investigating how busi- 
nessmen make decisions and what influences them. The 
behavior of executives participating in an exercise could 
be observed for the purpose of analyzing such questions 
as: 1. how much influence group feeling has on individual 
thinking, 2. what happens when facts and preconceived 
notions conflict, 3. how far competitive psychology will 
drive businessmen to hurt their competitors even at risk 
to their own interests, and 4. when and why managers are 
influenced to cut prices. Casual observation of the partici- 
pants in the AMA top management simulation exercises 
raised some provocative questions about pricing, for ex- 
ample. Despite a team’s freedom to set prices as they 
pleased (there was no monopoly, government regulation, 
fair trade, nor any possibility of price combinations), 
price leadership was characteristic in most cases. Does 
this mean that following the leader on price is a normal 
psychological reaction in business? Information of real 
scientific value could emerge from vse of models as mir- 
rors of business experience. 


USE OF SIMULATION IN INDUSTRY 


Interest in the practical use of system simulation in 
industry was already a growing trend in management and 
industrial research before the development of the AMA 
simulation exercise. The Westinghouse Electric Corpora- 
tion had used simulation in plant scheduling and inven- 
tory distribution, and the General Electric Company in 
job shop scheduling. United Air Lines had a simulation 
model of operations at a large airport. Imperial Oil 
Limited had distribution and inventory control models. 
The Port of New York Authority simulated peak-hour 
bus operations; the Southern Pacific Railroad, freight car 
inventory and distribution; the Office of Naval Research, 
cargo handling; and there were many others. 

But the AMA top management decision simulation has 
clearly given impetus to this trend. One executive in an 
early AMA test exercise returned to his company so en- 
thusiastie about simulation that, at his suggestion, the 
firm is constructing a mathematical model of the com- 
pany’s operations and the industry for use in long range 
planning. Another participant was stirred by the pos- 
sibilities of operations research as a result of his course 
attendance. In the division of which he is general man- 
ager, he found a man who had some OR training and 
assigned him as a consultant to help the division’s quality 
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control, sales, and particularly the manufacturing group 
develop a more scientific approach to their problems. 
Many others have adopted the idea of simulation as a 
training device. 


NEW NONCOMPETITIVE GAME 


Most management games which have been developed 
to date are competitive. Groups of players or teams 
simulated competing companies, and the objective of each 
team in an exercise was “to win” by, for example, 
amassing the largest total assets. A new type of noncom- 
petitive game was jointly developed by the American 
Management Association and Remington Rand. It is 
known as integrated materials management simulation. 

The research program leading to the development of 
this exercise was launched shortly after the American 
Management Association announced their first course 
using the AMA game. Mr. Franc Ricciardi and one of the 
authors met with Mr. Al N. Sears of Remington Rand, 
and an agreement was reached for American Manage- 
ment Association and Remington Rand to jointly develop 
this materials management game. The purpose of the 
exercise was to provide executive trainees with simulated 
experience as materials managers—a new industrial man- 
agement concept. Specifically, this game was to be de- 
signed for the new AMA course on Integrated Materials 
Management. Once the project was launched, the actual 
mathematical and programming work was done by Mr. 
Joel M. Kibbee of AMA and by Mr. David MeGalliard 
and Mr. Ed L. Fitzgerald of Remington Rand. 

The following is a description of the most recent version 
of the materials management simulation exercise. It was 
extracted from a description of the game which can 
be obtained by writing to Mr. Andrew 8. Lang in care of 
the American Management Association, Saranac Lake, 
New York. 

In the materials management exercise, a team of ex- 
ecutives is given the opportunity to manage the overall 
flow of materials from the purchasing of raw materials 
through inventory control and production scheduling up 
to the distribution of finished goods to field warehouses. 
The objective of the team (headed by a “materials man- 
ager’) in this exercise is to manage the company’s opera- 
tions in such a way as to achieve the lowest total annual 
cost for the overall operation. This, obviously, includes 
the overall optimization of the conflicting classical objec- 
tives of inventory management (i.e., minimum levels of 
inventory), production management (i.e., leveled produc- 
tion), and marketing management (i.e., high inventory 
levels). 

The integrated materials management exercise simu- 
lates the flow of materials in a manufacturing organiza- 
tion. The company has two plants, manufactures two 
products, and markets them in two regions. Several com- 
panies may be in operation at the same time, through 
joint use of the computer, but there is no interaction be- 
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cen them and each operates independently of the 
thers. There is competition only insofar as each com- 
any, starting from the same conditions, attempts to 
ichieve the best performance. 


lhe objective of each company is to satisfy the sales 


demand at minimum cost through good materials man- 
agement. The demand varies from month to month but is 
not known in advance by the participants—although a 
sales forecast is usually provided—nor does their action 
influence the demand. The sales price is fixed; a sales in- 
come and gross margin is shown to the participants at 
the end of each simulated period. The general objective is 
to maximize gross margin. Except insofar as stock outs 
represent lost revenue, gross margin is only increased by 
decreasing costs 

The simulated time period is months. The “new man- 
agement” takes over at the beginning of January (Month 
1), has at hand the performance report for December 
(Month 0), and it then proceeds to make decisions for 
January. These are fed to the computer, and a perform- 
ance report for January is returned. Decisions are then 
made for February. 

The exercise normally runs for 12 simulated months; 
the participants, however, must leave their companies in 
a sound position. It should be emphasized that while 
maximum accumulated gross margin is the general objec- 
tive, it is not, of course, proof of good materials manage- 
ment. 


CONCLUSIONS 


Some of the reasons for the growing interest in man- 
agement simulation are: 


1. The high degree of realism which is possible in a manage- 
ment game, particularly in computerized games 
The amount of personal involvement and the intense per- 
sonal motivation which it is generally possible to achieve 
even with relatively simple mathematical models 
rhe substantial compression of time which, in a typical in- 
stance, may approach one year of simulated operation per 
hour of actual play. 

1. Games can be designed to teach almost any level of man- 
agement or any area of specialization 


Manual, or noncomputer, games can be used very effee- 
tively in training and are quite inexpensive. While many 
games are very simple and do not include random factors 
in their model, these games are still nondeterministic from 
the players’ points-of-view since the players generally are 
not given a perfect forecast. 

Notwithstanding the many positive benefits of using 
simulation in training, games must be used with real cau- 
tion. As anyone who has played a management game 
knows, a game can be a very traumatic experience to a 
person who is “losing,” simply because the personal in- 
volvement is so great. Also, many of the classical safe- 
guards of traditional teaching are lost (e.g., a student 
usually is cautioned not to believe all that a teacher says, 
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or he does not anyway). Therefore, games should only be 
used as one part of an overall training program consisting 
of lectures, demonstrations, etc. 

Some of the manual or noncomputer games described 
in the literature so far have been misleading. These 
articles have tended to over-simplify the problems of 
formulating the mathematical model. Simulation models 
and management games are such a pleasurable way to 
“spoon feed” executives such abstract concepts as “simu- 
lation” that management may conclude that games can 
be easily designed to accomplish any and all training 
objectives. 

It is true that simulation, as a training device, is not 
for the Bernard Baruchs. But the real problem of busi- 
ness is not to train Baruchs—who probably do not need 
it anyway—but to develop managers who will under- 
stand their company and its problems as a whole and are 
‘sapable of running’a balanced operation, Instead of pro- 
ducing conformists, the simulation experience should, by 
encouraging attention to facts and improving skill in 
their use, make the executive more ready to see and seize 
an opportunity. 

In any case, simulation does seem to be an excitingly 
effective training device. The complex problems of run- 
ning a business are presented in a way that seems to 
facilitate rapid comprehension, active participation, and 
intense involvement in the processes of planning, review, 
and analysis. It seems almost certain to become a familiar 
training method in industry and in the universities. It 
may well be true that top management decision simula- 
tion was, as AMA claimed, a major breakthrough in man- 
agement education. 
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One of the many important decisions that have to be 
made periodically in a manufacturing business is that of 
selecting a processing plan to make the best use of exist- 
ing facilities and which will also result in a profit for the 
company. It would be extremely desirable if the decision 
resulted not only in a profit, but the maximum profit that 
could be realized. ‘This is difficult to do using judgment or 
usual trial and error methods. However, linear program- 
ming provides a method of determining an optimum 
processing plan when there are many variables and many 
choices. 

An optimum plan will be presented here for a meat 
packing plant taking into consideration such factors as 
the number of hogs to be processed, the weight of the 
hogs, the production costs and selling prices of the final 
products, production facilities available, ete. The Linear 
Programming plan developed here will serve as an ex- 
ample of how a processing plan can be selected for similar 
situations. It should be noted however that all data are 
estimated and based on one plant. 

In this situation the manager of a small meat packing 
plant wishes to know what proportion of hams, bellies, 
and pienie hams should be processed for sale as smoked 
product, and what proportion should be sold fresh or 
green. This example concerns only these products. He is 
limited by the handling eapacity of his plant and also by 
the use of existing equipment and facilities. 


LINEAR PROGRAMMING ASSUMPTIONS 
AND LIMITATIONS 
The Simplex Method for solution of linear program- 


‘Authorized for publication as Purdue University Agricultural 
Experiment State Paper Number 1401 
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ming problems which is used in this example is completely 
general, Any linear programming problems can be solved 
by this method. In the past few years, other simplified 
computational techniques have been developed for partic- 
ular types of problems, some of which might have been 
used effectively in this example. The purpose of this 
example, however, is to show an application of linear pro- 
gramming as such to an industrial problem. 

Before proceeding further, it is well to discuss the as- 
sumptions made and limitations of the linear program- 


ming technique. There are basically four assumptions. 
These are: 


1. Linearity 
2. Divisibility 


3. Additivity 
4. Finiteness 


Linearity means that the ratio of output to input of 
any process is constant regardless of the level at which 
the process is being used. Thus if an input of 100 hogs to 
a meat packing plant results in an output of 200 hams, an 
input of 200 hogs will result in an output of 400 hams. 
This assumption neglects such delays as those caused by 
absenteeism, machine breakdown, worker fatigue, rejects 
by government inspectors, damaged meat, etc. However, 
these factors are usually known on some average basis 
and can be included in the calculations. 

Linearity also assumes that it will cost twice as much 
to double production using the same process or processes 
and that sales revenue will double with a twofold increase 
in output. This assumption neglects increases in produc- 
tivity or reduction of sales prices due to large quantities 
of a product being placed upon the market. The assump- 
tion of linearity is not a new one, since it is made in 
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nearly all production estimates and schedules, whatever 
method is used. 

Divisibility means that any process may be operated 
at any positive level. For example, if 40,000 pounds of 
meat can be smoked in a smokeoven in 11 “hours, it will 
be possible to smoke 29,091 pounds of meat in 8 hours. 
This is a definite restriction if used in this manner, since 
the smokeovens are usually loaded with a specific quan- 
tity of meat that stay in the ovens for a specified time. 
This can be taken care of by considering the smoking 
operation as a step in the productive process requiring a 
certain time for completion. 

Additivity indicates that if there are two processes 
A and B that can be operated at levels X and Y respec- 
tively, the total output of the two processes is X + Y. 
This assumption give us very little difficulty. 

Finiteness means that the number of productive proc- 
esses available is finite. For most industries, this is not an 
unduly restrictive assumption. For some industries, such 
as agriculture, oil refining, and chemical industries, this 
assumption involves a greater degree of restriction. 


PROCESSING PLAN ASSUMPTIONS 


Certain factors must be assumed or otherwise ac- 
counted for in solving mathematical problems. This is 
also true, of course, in Linear Programming. For this ex- 
ample, the following assumptions are made: 


1. The hogs received into the plant during one day are also 
processed during one day. 
The ratio of input to output of any process remains constant 
regardless of the level at which the process is being operated 
That is, if an input of one hog results in an output of 20 
pounds of smoked hams for a given process, an input of 100 
hogs will result in an output of 2,000 pounds of smoked hams 
for the same process 
The selling price of the final products in the example given 
are based on quotations from the Packers’ Daily Record, a 
market quotation list published daily by James P. Lennon 
and Company, of Chicago, for the information of firms en- 
gaged in the livestock market 
The company is able to sell all of its output since it is 
operating in a completely elastic market. Regardless of the 
decision to smoke or to sell green any or all of his products, 
the market prices as reflected in the Packers’ Daily Record 
will not be affected. This is not an unreasonable assumption 
if we assume that the output of this plant is small when com- 
pared to the total output of all meat packing plants. The de- 
cisions of really large meat packers and the demands of the 
consumer market would affect these prices, however. 
All products are sold F.O.B. at the meat packing plant. Any 
differential in selling price from one area to another can be 
ittributed to the difference in transportation of the products 
to that area 


Since the decision regarding the processing of hams, 
bellies, and picnics will have no effect upon the killing 
and dressing of a hog until these products are separated 
from the carcass, the steps can be neglected from the time 
that the hogs are brought into the plant, killed, and 
cleaned, and the carcasses chilled to the proper cutting 
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TABLE 1 
Processes Chart 


Process for Smoked Product 


Process for Green Product 





1. Cut ham from side 1. Cut ham from side 
2. Trim 2. Trim 

3. Grade (weight) 3. Grade (weight) 
4. Pump arteries with curing | 4. Freeze 


solution 
5. Pack and ship 





Ham 
5. Cure (in curing tanks) 
6. Insert in stockinette 
7. Smoke 

8. Chill 

9. Pack and ship 


1. Cut belly from side 1. Cut belly from side 
2. Trim 2. Trim 
3. Skin 3. Grade 
4. Grade 4. Freeze 
5. Pump with cure | 5. Pack and ship 
| 6. Smoke 
7. Chill 
8. Pack and ship 


Bellies 








1. Cut picnic from side 1. Cut picnic from side 
2. Trim 2. Trim 
3. Grade 3. 
4. Pump with cure 
| 5. Smoke 
6. Chill 
7. Pack and ship 


Pienics 
| 5. Pack and ship 


temperature. At this point, the process becomes different 
for each of the separate products. The operations for each 
process can be listed as in Table 1. Thus, we have six 
distinct processes involved that are different in their 
operations and/or operation times. However, some work 
may have to be done during overtime periods, and al- 
though the operations and operation times remain the 
same for the products, the costs are higher for work done 
during overtime periods. In order to satisfy the assump- 
tion of linearity, that is to double production also doubles 
cost, we must consider the work done during overtime 
periods as different processes. As a result, we have nine 
processes to consider instead of six. Processing of green 
hams would not be done on overtime. 

The factors that will influence the manager’s decision 
are listed here and will be taken into consideration in this 
sample problem. 


1. Input of hogs to, the plant. 
2. Weight of the hogs. 
3. Proportion of input weight expected to be available for proc- 
essing as hams, bellies, or picnics. 
. Flow quantity through the most restrictive operation in each 
process before overtime work is necessary. 
. Production costs per unit of output for each of the processes 
involved. 


. Selling prices of final products. 


Based upon past records, the average input is about 2,000 
hogs per day. Therefore 1,800, 2,000 and 2,200 hogs per 
day are considered as three typical input levels. 

Also from past records, we find that the majority of the 
hogs received can be classified into three weight cate- 
gories: 180-220 pounds, 220-260 pounds, and 260-300 
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TABLE 2 
Proportion of Weight of Product to Live Weight of Hog—Percent 


Product 200 Ib. live wt. 240 |b. live wt. 280 Ib. live wt. 


Hams 12.00 11.75 11.50 
Bellies 10.00 10.50 11.00 
Picnics 5.75 5.50 5.25 


pounds, So 200, 240, and 280 pounds are therefore con- 
sidered as three likely average weights of hogs. 

A sample of hogs from each weight was selected to 
determine the proportion of hams, bellies, and picnics to 
he expected for each input of hogs of a given weight. This 
was done by taking a number of hogs from each of the 
three weight classes and measuring the weights of hams, 
bellies, and picnics that are cut from the carcass. The re- 
sults are summarized in Table 2. 

It is also necessary to determine the weight of the final 
smoked product when compared with the green weight as 
cut from the careass. There is a certain amount of in- 
crease In weight due to the addition of a curing solution, 
and a decrease due to shrinkage while in the smokehouse 
The results are summariezd in Table 3. Note that the 


TABLE 3 


Ratio of Smoked Weight to Green Weight— Percent 


Product 200 Ibe 240 Ibe. 280 Ibs. 


Product Scrap Product Scrap Product Serap 
Hams 100.0 2.2 100.0 
Bellies 88.1 2 

Picnics 100.0 


100.0 2.2 
3 Se.i 2. 92.9 2.9 
100.0 100.0 


total weight of smoked hams plus scrap is 102.2 percent of 
the green weight. This increase occurs as the cumulative 
effect of adding the curing solution and the smokehouse 
shrinkage. The serap should be included since it repre- 
sents a certain monetary value either as a salable item or 
as a raw material for another product. This monetary 
value can be deducted from the production costs of the 
respective processes. 

The analysis of the processes revealed that the most 
critical operation for the processing of smoked products 
is the pumping operation. The restriction on this opera- 
tion is shown in Table 4. 

Also, for the inputs being considered, all of the prod- 


TABLE 4 
Critical Flow Quantities in Hundreds of Pounds? 


Average Hog Smoked Ham Total Bellies and Picnics 
Weight Ky Ks 


200 106 315 
240 113 397 
280 116 484 


*Flow quantity weight through the most limiting processing 


operation before overtime work is necessary on any given day 
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TABLE 5 
Total Weight of Fresh Product Available for Processing 


Total Fresh Product Weight in Hundreds of Pounds 
Hams, K; Bellies, Ke 


Average Hog 
Hog Input Weight 


Picnics, Ks 


1800 200 432 360 207 
1800 240 508 454 228 
1800 280 580 554 265 


2000 200 480 400 230 
2000 240 564 504 264 
2000 280 644 616 294 


2200 200 528 440 253 
2200 240 620 554 290 
2200 280 708 678 323 


ucts could be processed for sale fresh without requiring 
overtime work. This is shown in Table 5. 

It is well to note here that this or any other technique 
used to arrive at an optimum program is only as accurate 
as the data used. Cost data, especially, must represent as 
nearly as possible the actual costs involved. For example, 
it would not be desirable to use the same unit cost for 


TABLE 6 
Processing Costs in Cents per Pound of Final Produc® 


Smoked Product 
(Over Time 


Average Hog Smoked Product 


a a 
Weight-lbs. (Regular Time Green Product 


Product 


200 5.18 6.58 50 
Hams 240 5.18 6.58 50 
280 5.18 6.58 50 


200 76 5.54 48 
Bellies 240 .76 5.54 18 
280 4.47 5.26 .48 


200 5.62 6.92 
Picnics 240 5. 6.92 
280 5. 6.92 


removing hams from the carcasses as is used for remov- 
ing picnics from the carcasses. Only by setting up cost 
records so as to effectively pin down all costs accurately 
for a process, will these techniques provide a reliable basis 
for decision. All the costs that can be directly charged to 
the product such as labor, packaging materials, fuel for 
smokeovens, electricity for freezing 
charges, etc. are shown in Table 6. They should have 
subtracted from them the credit for scrap and trimmings. 
The results will then be the actual production costs for the 


rooms, storage 


different processes. 


PREPARATION OF THE PROBLEM 


Now with all of the necessary data for the solution of 


*These costs are also in dollars per hundred pounds of final 
product. The costs include credit for scrap (ham hocks, fat trim- 
mings, skins, etc.) and are corrected for differences between 
smoked and green weights due to shrinkage, etc. The above costs 
are not to be construed as the costs involved in any actual situa- 
tion but rather are presented here for use only in the sample 
solution 
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the problem compiled, the linear programming technique 
can be applied and the optimum program determined. A 
brief mathematical discussion wil be given first, followed 
by the procedure for construction of the sample problem. 

The amount of any product to be processed will be 
designated as X, in hundred pounds and the total pro- 
duction of the nine processes as: 


+ 
i=] 


where X; is in hundreds of pounds, and 


weight of hams to be smoked during regular time 
weight of hams to be smoked during overtime 

we ight of hams to be sold green 

weight of bellies to be smoked during regular time 
weight of bellies to be smoked during overtime 
weight of bellies to be sold green 

weight of picnics to be smoked during regular time 
weight of picnics to be smoked during overtime 


ee ee ee ar a 


weight of picnics to be sold green 
Also let 


total green weight input of hams 

total green weight input of bellies 

total green weight input of picnics 
limiting flow quantity for smoked hams 


limiting flow quantity for the total smoked bellies and 


picnics 


The total revenue from the sale of these products will 


be denoted as 


o) 


LD X.s 


t=] 


where S; denotes the selling price of X; in dollars per 
hundred pounds 

The total production costs for these products will be 
denoted as: 


7 ER 


where C, is the cost of producing 100 pounds of product 
X 

The total profit from the sale of the products is the 
amount of product sold times the difference between the 
selling prices and costs. For any given product, 


Pp; X (8S; — C;). 


Thus the total profit from the sale of all products is 


Ss X,(S; —C 


i=l 


) 
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or simply 


y 
> Pi. 


The problem can now be stated as: 


9 
> P; = maximum 


i=l 


in other words, it is desired to maximize the total profit 
from the sale of hams, bellies, and picnics. However, there 
are several limiting restrictions that must be considered. 

Since negative production is not possible all processes 
must be operated at non-negative level. Therefore, the 
input to any process must be equal to or greater than 
zero (> 0). 


X; > 0. 


Also, the sum of the input weights to the three ham 
processes must equal the total input weight to all proc- 


esses. 

K,. 
bellies 
= Ko. 

Also for picnics 
= K;. 


The amount of smoked products to be produced dur- 
ing regular time (X,, X,, and X,) are limited by the flow 
quantities for the critical operations. Therefore X, can- 
not be larger than AK, and the sum of X, and X; cannot 
be larger than Ks. 


X, < Ky, 
X,+X7 Ks. 


It is now possible to determine the optimum program 
for one of the combinations of hog input and average hog 
weight. Consider the particular situation where there is an 
input of 2,000 hogs per day with an average weight of 200 
pounds. 
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TABLE 8 


Initial Construction of the Problem 


Column No. 


Row No, 


* Profits 


To restate the restrictions: 


ee. e 


> X; = Ko 


t=—4 


> X; _ K; 


X, < K; 
X, + X7 < Ks. 


The values for K,, K., and K, can be obtained from Table 
5 and values for K, and K, can be obtained from Table 4. 

The restrictions can be expanded and the values for 
K,, Ke, Ky, Ky, and K, added. 

Assume that the difference between the selling prices for 
smoked and green hams is $6.00 per hundred pounds, 
between smoked and green bellies $5.00, and between 
smoked and green picnics $6.00. The selling price of the 
smoked product is the higher of the two prices. 

The profit from the sale of each of these products can 
also be determined. Actually, the relative profit between 
the sale of smoked product and the sale of green product 
is all that is necessary. If the difference in selling price of 
smoked product over green product is greater than the 
difference in production costs of smoked product over 
green product, it will be more profitable, of course, to 
process and sell the smoked product. Thus only the dif- 
ferences between costs for smoked and green products 
need be considered. x 

For each process, the relative profit is determined. For 
this example, these profits are listed below. 


Profit = difference in selling price minus difference in 
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—.41/| 0 —10.00!| —10.00| —10.00 


B, P., Pu | ¥¢ A B C 
l 


production cost. 


P, = $6.00—($5.18—$0 50) — $132 
P, = $6.00—($6 58—$0.50) —$0.08 
P; = $0.00 

P, = $5.00—($4.76—$0.48) — $0.72 
P; = $5.00—($5.54—$0 48) — —$0.06 
P. = $0.00 


INITIAL CONSTRUCTION OF THE PROBLEM 


With this necessary information obtained, the prob- 
lem is set up in the form of a tableau or matrix using the 
following mnemonic designations. This box-like arrange- 
ment is shown in Table 8, “Initial Construction of the 
Problem.” 


H,, = the hams to be smoked during regular time (X,) 

H,, = the amount of hams to be smoked during overtime (X:) 
H, =the amount of hams to be sold green (X;) 

B,, = the bellies to be smoked during regular time (X,) 

B.,. = the bellies to be smoked during overtime (X;) 

B, = the bellies to be sold green (X.) 

P,, = the picnics to be smoked during regular time (X;) 

P,, = the picnics to be smoked during overtime (X;) 

P, = the pienies to be sold green (X») 


Place these symbols in row 2 starting with the fourth column 
d. In row 1 above these products, place their associated 
profits 
Take the first restriction and place the coefficients of the 
variables under their respective headings in the row im- 
mediately under the product symbols. For the first restric- 
tion in this problem, X,, X:, and X; all have coefficients of 1 
Place a 1 in Row 3 under the headings in the boxes associated 
with the coefficients. Place the constant also in the same row, 
but under the column heading Q in column c 

3. Repeat for all other restrictions as shown in Row 4, 5, 6, 7 
The vertical lines in Table 8 are considered as plus signs and 
the double vertical line as an equal sign. Note that the re- 
striction equations are arranged in reverse order to those 
shown in Table 7. 

4. Notice that some of the restrictions in Table 7 are expressed 


Volume X - No. 5 





as equalities or equations and others are expressed as in- 
equalities or inequations. This can be taken care of in Table 
8 by adding another variable to each restriction. The adding 
of another variable serves two purposes. First, it allows the 
handling of only one type of mathematical expression 
throughout, namely equations. This added variable in the 
case of an inequality is called a “slack variable” and in effect, 
makes the expression an equality. The added variable in the 
case of an expression that is already an equality is called an 
“artificial variable.” The second purpose of these “slack” or 
“artificial variables” is to provide a starting point for the 
solution as will be shown later. 

The next step then is to add these variables to the re- 
strictions already in the matrix as shown in column m, n, 0, 
p, and q. Note that each restriction has a different slack or 
artificial variable associated with it. A profit value is assigned 
to each of the variables and is placed in the square above it 
is with the variables H.,, H.o, Ho, etc. The associated profit 
for a slack variable is zero, and for an artificial variable is a 
negative value that is considerably larger than the profits 
associated with any of the real variables. In this example, 
—10 has been assigned. This large nigative profit will em- 
phasize that it is important that the restriction with which 
it is associated is met. For example, in the first restriction, 
any hams not produced as H,,, H.o, or Hy will show up as 
being processed by the artificial process A but with a large 
negative profit, indicating that it is costing us money not to 
process in some manner all of the input (K,). For further 
discussion on slack and artificial variables, see Charnes, 
Cooper and Henderson (1). 


SOLUTION OF THE PROBLEM 

The next step in the procedure is to determine a feasible 
solution shown in Table 9, “First Feasible Solution.” A 
solution will be considered as feasible if it meets the re- 
quirements of the restrictions with the added slack or 
artificial variables. The best and easiest solution to start 
with is one using only the slack or artificial variables. 
This, it will be recalled, was one of the purposes for the 
use of these variables. All other variables are zero in our 
first feasible solution. In other words, nothing is produced 
with this feasible solution. In the column b, headed V, the 


artificial variables corresponding to the row are placed, 
and to the left of the variable, the unit profit for that 
variable is inserted. 

Intuitively, we know that this is not the best possible 
plan to use. However, this method provides a starting 
point for arriving at the optimum solution in a system- 
atic manner always resulting in an increase in profits when 
proceeding from one feasible solution to another. Each 
subsequent solution will provide a more profitable plan 
until the optimum plan for the situation being considered 
is obtained. 

The next step is to take the coefficients for each column 
and multiply them by the profit associated with the vari- 
able under V in the row that the coefficient occurs. Sum 
the products and enter them in the boxes in row 8 for T. 
For example, for the column H,,, these products are 
1 x —10 and 1 X 0. The total is therefore — 10, and that 
value is placed in we 7’ row. This is also done for the 
Q column. For Q, the T value is 480 X —10, plus 400 < 
—10 plus 230 X —10 or —11,000. This 7 value for 
column Q is the relative profit for this plan. 

The next step is to find a better solution that also 
satisfies the restrictions. In order to do this, the product 
variable which will result in the greatest increase in the 
relative profit is determined. This is done by inspecting 
the values in the P-7' row and selecting one with the high- 
est positive value. In this case it is H,,, with a P-T 
value of 11.32. For the column that has the highest posi- 
tive value, each positive coefficient is divided into the Q 
value for the row represented by the coefficient. In this 
sase 1 is divided in 480, and 1 into 106. The resulting 
value that is the smallest positive result designates which 
of the variables under V is going to be replaced with 
H,, which in this case is, of course, D. Another matrix, 
Table 10, “Revised Program,” is now set up. The manner 
in which the new coefficients are assigned is as follows: 


1. Write the equation for the columns using the double line as 


TABLE 9 


First Feasible Solution 


Column No 


—10 —10 | —10; —10| —10 


| ~10.00! —10.00; —10.00| 0 


A B Cc 
. : 


-~10| -10| -10| -10/ -10 | —10 ~10 


11.32) 9.92 |10.0010.72, 9.94 |10.00)10.89) 9.59 |10.00 0 0 0 
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TABLE 10 


Revised Program 


0 89 
Pe 
10.00 
10.00 


10.00 


315 l 1 


9900 .08 32 10.00) — 10.00) — 10.00) — 10.00 — 10.00 — 10.00 — 10.00) — 10.00) — 10.00 — 10.00) — 10 .0F 11.32 


P—T 9.92, 10.00 10.72 9.94, 10.00) 10.89 9.59) 10.00 0 0 0 —11.32 


Profit increase over previous solution 
—9 ,900 .08+-11 , 100 = $1199 .92 


in equal sign. For example, H,, = (1)A+ (1)D or H,, 5. Compute the values for row 7 and also for row P-7T. The 
A+D, H, A, H,=A, B.. = B+ E, etc difference in the 7 value for column Q and the previous 7 
For the column with the highest positive value, in this case value for column @Q represents the 
Row 6, “D”, solve for the variable corresponding to the row sented by 
being replaced 


“profit increase” repre- 
this new solution. This is shown below each table 
Inspect the P-T row and if there are no positive values the 
optimum program has been determined. If there are positive 
values continue to repeat the procedure as outlined unt 
For each column, including Q, substitute this expression each : I I 's outlined until no 
positive values are shown. In order to conserve space several 
time a coefficient apears in the row being replaced. If a col- ; luti ' ; lef 4 r : 
. intermediate solutions have e tt s stré 
umn does not contain a D, the coefficients remain the same . es a e been lel ous of ¢ ce iMustravon 
but the optimum solution is shown in Table 11. This program 
for the new matrix : 
is represented by the variables appearing in column V and 
are to be utilized at the level shown by the Q column. For 
example, in the optimum solution in Table 11, “Optimum 
Program,” the solution is as follows 


He=ezAt+D; D=Ha—A 


( = 480 A + 400 B + 230 C + 106(1, A) +315 E 
(old matrix) 
Q = 374 A+ 400 B+ 230 C + 106 H,,+ 315 £ 
(new matrix) 
H. rae” (old matrix) H, = 374 = amount of hams to be sold green 
H A+ (H. A) B, = 315= amount of bellies to be sold green 
De (new matrix) P,, = 230 = amount of picnics to be smoked 
D D (old matrix) H,, = 106 = amount of hams to be smoked 
D H.. A (new matrix) B,, = 85 = amount of bellies to be smoked 


The other columns do not contain a D, so the coefficients When solving linear programming problems by this method, 


remain the same and an optimum is reached, it does not indicate that this is 


Place the coefficients of these new expressions in the matrix, the only optimum solution, but rather that no other solution 
eplacing the new variable (H,,) in the space of the old (D) will result in greater profit. In some instances, there may be 


in column V. This has been done in Table 10, “Revised Pro- two or more possible programs that result in the same profit 


gram” This method determines one of them. But the important point 


TABLE 11 


Optimum Program 


0 .89 - .4] 0 = |—10.00| —10.00 — 10.00 
B, | Pw Pr. y B C 


-1 
0 72 0 0 .89 .60 .60 0 0 — .17 
0 | o 06; 0 | O | ~1.01 —.60 —10.00| —10.00| —9.83 | - 


Profit increase over previous solution 
— 405 .82 —2744.18 = $3,150.00 
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here is that a more profitable solution than any previous one 
has been determined. In this case it amounts to three thou- 
sand dollars more than any other solution. 


This is the optimum program for the price differences 
stated before. It would be desirable to know how this 
program will vary with change in prices. 

From the list of costs in Table 6 it can be seen that 
it will always be more profitable to produce smoked hams 
rather than to sell them green so long as the price differ- 
ence exceeds the differences in the cost of production, 5.18 

50 dollars per hundred pounds. If the difference be- 
tween selling prices drops below this figure, it will be 
more profitable to sell hams green. Also notice that in 
order to have it more profitable to produce smoked hams 
during overtime, it is necessary to have a price difference 
of 6.58 —.50, or 6.08 dollars per hundred pounds. It is also 
possible to determine the optimum levels for other prod- 
ucts at different price levels. 


ADDITION OF OTHER RESTRICTIONS 

These optimum programs can be used as a guide for 
everyday decisions so long as there are no additional re- 
strictions. Once the problem solving procedure is under- 
stood thoroughly, it is easy to continue to a more complex 
problem which probably represents more accurately the 
everyday situation. 


SELECTING THE OPTIMUM PROGRAM 


An optimum program should be available for quick 
reference for any situation. It is not feasible, of course, 
to include programs for all possible situations that may 
arise because of day-to-day differences in restrictions 
caused by machine breakdowns, sales requirements, etc. 
However, it would be desirable to have a basis for com- 
paring alternative programs with the optimum program 
under the constant restriction caused by plant capacity, 
weight percentages, process capacity, etc. The following 
summary is a convenient form for presentation of the 
optimum programs. 

A set of tables was developed for all programs for the 
three average hog weights listed in the text. These were 
table A, 200 Ibs, table B, 240 lbs., and table C, 280 Ibs. 
These three sets of tables are all constructed in the same 
way so that it will be necessary to describe only one here. 
The first table in the set gives the system processing plans 
for hams, the second in the set provides a means for 
determining an index letter which is used in the third 
table to determine the optimum processing plan for bellies 
and picnics. 

To determine the optimum program from tables such as 
these the following procedure is suggested. The data given 
here are estimated. 

Step 1. Determine the difference between the selling prices 
of the smoked and green products for each product either 
in dollars per hundred pounds or cents per pound. 
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Smoked Product 
¢ per Ib. 
Hams 43 
Bellies 38 
Picnics 41 








Step 2. For the expected hog input and the average hog 
weight (or most common weight class) for the day, enter 
the appropriate tables. All values in the tables are in 
hundreds of pounds. 


Average hog weight 240 Ibs. See Table 12 
Hog input 

Selling price differential for hams ....6.5 

Selling price differential for bellies ...6.0 


Selling price differential for picnics . .5.5 
Step 3. Determine the optimum program for hams. With 
the above information enter the Table 12 for 240 lb. hogs. 
The optimum program for hams is 
H,, — 113 « 100 = 11,300 pounds 


H.. = 45,100 pounds 
H, = 0 pounds 


TABLE 12 
240 lb. Hogs—Hog Input per Day 
1 MS Ee 3 2000 02~CO*~*# 
Heo Hy Hy Hyo H, 


0 3 395 0O 113 0 
5 3 395 O 113 0 
0 ‘ 


| me ee om OHI > D 1-100 


395 0 113 0 
395 113 0 
0 


0 
395 86113 


SCwoOnwwww 


0 

5 0 395 §=6113 
0 3.0 395 §=113 
5 0 508 0 
5 

0 


for Hams 


ww 


0 508 0 
0 508 0 


| Selling Differential 





Optimum Program for Hams. 


Step 4. Determine the optimum program for bellies and 
picnics. This optimum program is determined by first 
finding the index letter from the index chart for ‘the 
average hog weight (Table 13). Enter the chart by 


TABLE 13 
Program Index Chart 


_— 


D 
D 
D 
D 
D 
F 


Selling Price 
Differential 


for Picnics 
ee a oe | 


w 


D 
D 
D 
D 
D 
F 
F 
F 
F 
F 


‘5 


3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 


Selling Price Differential for Bellies. 
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TABLE 14 


Index ° Byo B, Py 
1800 hogs per day input 


454 0 

454 228 

285 228 

0 228 

57 0 

0 0 
2000 hogs per day input 


0 504 0 

0 504 264 

0 371 264 

371 0 264 

0 107 0 

107 0 0 
2200 hogs per day input 


A 0 5! 0 
B 0 55- 290 
Cc 107 4 290 
D 107 47 200 
1D) 397 f 0 
F 397 f 0 
Optimum Program for Bellies and Picnics. 
(Average Hog Weight 240 Pounds). 


selecting the row corresponding to the selling price dif- 
ferential for bellies (6.0 cents). The index letter at the 
intersection in this example is F. Turn to the optimum 
program table for bellies and pienies corresponding to the 
average hog weight (Table 14) and find the program cor- 
responding to the index letter and hog input. In this ex- 
ample, the optimum program for bellies and picnics is 
39,700 pounds 
10,700 pounds 
0 
cance 
Pie anvenu ee 
Pe: es 26,400 pounds 


These weights are the amounts of raw hains, bellies and 
picnics to be processed by the various processes. The 
above program can be interpreted as follows: 

All of the hams are to be smoked 

All of the bellies are to be smoked 

All of the picnics are to be sold green 


By the foregoing set of sample tables the processor 
can make an intelligent decision based on facts rather 
than making a haphazard semi-intuitive decision which 
has been required heretofore. 


CONCLUSION 


The linear programming technique described here is a 
useful and powerful tool for decision making. The decision 
here is whether a packer should sell his ham production 
fresh or add the additional cost of smoking. The question 
is which will yield the greatest profit? 
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In using a linear programming model certain assump- 
tions and limitations are considered which include linear- 
ity, divisibility, additivity and finitenesses. Also, added 
are certain processing assumptions which are that hogs 
slaughtered in one day can be processed in one day and 
all of the output can be sold without affecting the market 
price. 

The factors which were entered into the linear pro- 
gramming model and which influence the packer’s decision 
are: input of hogs, weight of hogs, proportion of input 
weight expected to be available for processing as hams, 
bellies or picnics. Also included of course are the selling 
price, production cost and the quantity that can go through 
the most restrictive process. 

The foregoing information is put into a “simple tableau” 
which is the most generalized form of the Linear Pro- 
gramming model. By repeated solutions it is possible 
to develop a simple set of tables which can be easily 
manipulated by the most inexperienced individual. So it 
is then that the manufacturer can take full advantage 
of this powerful analytical tool without further concern 
to the way the information was developed. 
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Hisroricatty. the area of motion study has been 
subjected to criticism by many people. Physiologists, 
psychologists, engineers, industrialists, and union officials 
are represented in the long list of crities. One of the most 
common criticisms is that even though motion study pur- 
ports to improve efficiency and reduce fatigue in manual 
work, there is little physiological evidence to support 
these claims. On the other hand, motion and time study 
practitioners can argue that there is also a lack of physio- 
logical evidence refuting the application of the principles 
of motion economy. 

A review of much of the research performed in the field 
of motion study will reveal that it was based on a pro- 
duction or time criterion. Thus, for many years the ques- 
tion, “Will the principles of motion study meet the test of 
a physiological criterion?”, has gone unanswered. This 
article describes the results of an investigation concerned 
with partially answering this question. 

At the outset of this study, it was necessary to deter- 
mine a suitable criterion. The use of a number of physi- 
ological measures was given consideration. Some of these, 
such as measuring the lactic acid concentration in the 
blood, were immediately ruled out as being impractical. 
On the other hand, heart or pulse rate appeared to be 
worthy of consideration. Heart rate was particularly 
attractive because of the portable electro-cardio devices 
that have been developed recently. However, it was rec- 
ognized that heart rate may be influenced by many ex- 
traneous variables and that any experiment would have 
to be designed carefully to eliminate contamination of 
the results. 


After several pilot studies had been made to choose a 


physiological criterion that was statistically satisfactory 


for this investigation, the criterion which was ultimately 
selected was the smallest increase in the number of heart 
beats per minute above resting rate. The at-rest heart 
rate was observed while the workers assumed the same 
postural position at which they would perform the as- 
signed task, i.e., sitting if the work was done while sitting 


* Based in part on research performed for a Ph.D. dissertation 
at Purdue University 
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or standing if the work was done while standing. 

Two types of heart rate measuring devices were used. 
One of these was a conventional portable electro-cardio 
machine. The other was a recording-radio-tachometer 
which was recently built for the Athletic Department at 
Purdue University (4). This latter device uses electrode 
microphones to pick up the electrical nerve impulse which 
initiates the heart beat. The heart beat is then trans- 
mitted and recorded on a continuous paper tape. 

Several motion study experiments were performed with 
“inerease in heart rate” as the measured variable. The 
object of the experiments was to appraise several of the 
motion economy principles by the use of the chosen 
physiological, criterion. The experimental design and pro- 
cedure were basically the same for each of the experi- 
ments. 

Each experiment involved the use of several alternate 
motion patterns to accomplish a specific task. The motion 
patterns used were indicative of the principle being stud- 
ied. Therefore, one of the main factors of each experi- 
mental design was the method of performing the task. 

It was desirable to introduce a quantitative factor as a 
control element in order to be assured that the measured 
variable was a valid indicator of task difficulty. This 
was accomplished by using different levels of work load. 
If the task involved a turning motion, different levels of 
torque were used. If a pressure or a lifting motion was 
involved, several different weights were used. Thus, for 
a particular task the correlation between increase in 
heart rate and increase in work load would indicate how 
well the measured variable indicated task difficulty. 

A second motive for using work load as a main factor 
was to ascertain whether the choice of the best method, 
as determined by the smallest increase in heart rate, was 
different for different levels of torque or work load. 

Groups of five male university students were chosen at 
random for participation in each of the experiments. Due 
to individual differences the operators were considered as 
one of the main factors in the design of the experiments. 
However, an attempt was made to control or to eliminate 
a number of the variables which are known to influence 
heart rate. Since temperature and relative humidity have 
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a bearing on heart rate, atmospheric conditions were con- 
trolled by heating or air conditioning. The kind and 
amount of clothing worn also affect heart rate. In these 
experiments the operators worked without clothing above 
the waist in order to accommodate the cardio-electrodes. 
Also, the operators were requested to abstain from eating 
for about two hours prior to participating in the experi- 
ment. Sex and age also are factors which have a bearing 
on heart rate. All of the participants in this research were 
male college students between the ages of 17 and 25 years. 

Other controllable variables which influence the heart 
rate are working height and rate of work. Where appli- 
cable the apparatus was designed so that the working 
height could be easily adjusted according to the elbow 
height of each individual operator; thus, this element was 
treated as constant. A metronome was used so that each 
operator could monitor his work pace. The number of 
work-unit cycles accomplished in each three-minute work 
period were either mechanically or electrically counted in 
order to assure that each operator worked at the same 
pace. 

Human heart rate is known to vary from day to day 
and even during the course of the day. The choice of a 
time of day and the day of the week for each operator’s 
appointment was considered to be randomized, largely 
by chance of the availability of the students according 
to class schedules and extra-curricular activities. The 
operators repeated the experiment on a different day. The 
purpose of replicating the experiment was to make it 
possible to segregate that portion of the variance due to 
non-controlled elements. Also, in each experimental run 
the sequence of performing the tasks was selected by 
using a set of random numbers tables. This was done to 
minimize the influence of the cumulative effects of con- 
tinued work on the heart rate data. 

Each operator performed each combination of work 
load and method of operation on the occasion of each 
of his two appointments. The experimental design may 
be defined in statistical terms as a three factor, twice 
replicated, completely randomized, mixed model factorial 
design. The population mathematical expression for these 
experiments is as follows: 

Vives = ut as + By + aBiy + Ye + Gin + BY ie + OB ise + Ecija 

Y denotes the response 

u denotes the true response of the over-all mean 

a denotes the effect due to the methods of operation 

f denotes the effect due to operators 

y denotes the effect, due to work load. 

e denotes the effect due to random error. 

, denotes the number of levels of methods 

, denotes the number of levels of operators 

» denotes the number of levels of work load 

, denotes the number of replications 


4 STUDY OF SOME BASIC METHODS FOR MANIPULAT- 
ING HANDWHEELS, CROSSBARS, AND HAND LEVERS 


The motion economy principle investigated in this por- 
tion of the research involves the use of handwheels, cross- 
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bars, and hand levers. Barnes states this principle as fol- 
lows: (1, p. 305) 

Levers, crossbars, and handwheels should be located in such 
positions that the operator can manipulate them with the least 
change in body position and with the greatest mechanical ad- 
vantage. 


A separate experiment was used to study each of these 
three kinds of implements individually. A mechanical 
brake was mounted on a shaft which had been machined 
in a manner to permit the use of these devices inter- 
changeably. A mechanical counter was attached to the 
shaft to count the number of revolutions accomplished 
during the work period. The whole was mounted on a base 
so that the shaft could be easily and quickly changed 
between horizontal and vertical positions. The work 
height was maintained at 1 to 3 inches below each indi- 
vidual operator’s elbow height. Three levels of axial 
torque were used in each experiment, namely, 25 inch- 
pounds, 50 inch-pounds, and 75 inch-pounds. 


HANDWHEELS 

The handwheel used in this experiment was a 10-inch 
diameter cast iron four-spoke valve wheel. Five different 
methods of operation (body positions) were used for 
manipulating the handwheel. In method 1 the operator 
stood erect facing the vertical plane of the wheel. He 
pulled upward with his right hand and pushed downward 
with his left hand, thus causing a counter-clockwise rota- 
tion of the wheel. Method 2 differed from method 1 only 
in that the right hand pushed downward and the left hand 
pulled upward with a resultant clockwise rotation. In 
method 3 the wheel was mounted in the horizontal plane; 
the operator stood erect and used both hands to rotate the 
wheel in a clockwise manner, i.e., the right hand pulled 
and the left hand pushed. In method 4 the wheel was 
mounted in the vertical plane. The operator stood at the 
left edge of the wheel with the plane of his body perpendi- 
cular to the plane of the wheel. He worked standing in a 
bent position in order to place his right hand on the lower 
edge of the wheel and his left hand on the top edge. He 
pushed with his right hand and pulled with his left hand, 
thus causing a counter-clockwise rotation. Method 5 dif- 
fered from method 4 only in that the operator stood in a 
slightly bent position at the right edge of the wheel, with 
his right hand pushing the top of the wheel and his left 
hand pulling from the bottom of the wheel. This action 
again caused counter-clockwise rotation of the wheel. 
These manipulative methods are similar to the ones de- 
scribed by Barnes (1, pp. 308-309). 

Beginning with the method which resulted in the small- 
est average increase in the number of heart beats per 
minute, the rank order of the methods was found to be 2, 
1, 4, 3, and 5. The analysis of variance showed that the 
factor “methods” was statistically significant at the 10% 
level but not at the 5% level. A Newman-Keuls multiple 
contrasts test revealed that the only two methods which 
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were significantly different from each other were methods 
2 and 5. These were the methods with the smallest. and 
the largest increase in heart rate. According to these find- 
ings the choice of a method for operating this handwheel 
under these conditions does not result in a significant 
difference in the physiological cost of operation, as indi- 
cated by heart reaction, unless the choice is between 
methods 2 and 5. 

The variance due to the main effect of operators was 
found to be highly significant, but this was to be expected 
because of individual operator differences. Also, the vari- 
ance due to the main effect of torque was highly signifi- 
cant. This confirmed that the measured variable was in- 
deed indicative of task difficulty. The interaction between 
methods and torque was found to be non-significant, i.e., 
the choice of a method for operating this handwheel does 
not depend upon the amount of axial torque within the 
range used in this experiment. 


CROSSBARS 


A 10-inch crossbar was used in this experiment. Again 
five different operating methods or body positions were 
used. These are similar to the manipulative methods used 
in the crossbar experiment reported by Barnes (1, pp. 
308-309). In method 1 the operator stood erect facing 
the vertical plane of the cross. He grasped the horizontal 
bar with his right hand and pulled upward while his left 
hand grasped the opposite end of the bar and pushed 
downward; thus the rotation of the crossbar was counter- 
clockwise. Method 2 was similar to method 1 except that 
the right hand pushed downward and the left hand pulled 
upward, thus imparting a clockwise motion to the cross- 
bar. In method 3 the crossbar was mounted in the hori- 
zontal plane; the operator stood erect and used both 
hands to turn the crossbar in a clockwise manner, i.e., his 
right hand pulled one spoke of the cross and his left hand 
pushed on the opposite spoke. In method 4 the crossbar 
was mounted in the vertical plane. The operator stood at 
the left edge of the crossbar with the plane of his body 
perpendicular to the plane of the cross. He worked in a 
bent position in order to push with his right hand on the 
vertical spoke beneath the axis and to pull with his left 
hand on the opposite spoke above the axis. The resultant 
rotation of the crossbar was counter-clockwise. Method 5 
differed from method 4 in that the operator stood in a 
slightly bent position at the right edge of the cross so 
that his right hand could push the upper vertical spoke 
while his left hand pulled on the opposite spoke, thus 
again causing counter-clockwise rotation. These operat- 
ing positions resemble those used in the handwheel ex- 
periment. 

The findings of this experiment revealed that method 2 
resulted in the smallest increase in heart rate. The rank 
order of the methods was 2, 1, 3, 5, and 4, with only a 
very small difference between methods 4 and 5. The 
analysis of variance indicated that the variance due to 
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the main effect of methods was significant at the 1% 
level. A Newman-Keuls multiple contrasts test showed 
that method 2 was significantly different from each of the 
other methods, but none of the other methods were signifi- 
cantly different from each other. According to these find- 
ings it appears that, under the conditions of this experi- 
ment, method 2 results in the least human cost in terms 
of heart rate increase. 

Again the variance due to operators was found to be 
highly significant as was the variance due to torque. The 
interaction between methods of operation and torque was 
found non-significant. 


HAND LEVERS 


A reversible ratchet socket wrench was used as the 
lever in this experiment. A ratchet wrench was selected 
so that the lever could be returned to the starting position 
without working against the axial torque on the return 
stroke. The effective length of the lever arm was 9 inches. 
Six different operating methods were studied in this in- 
vestigation. These manipulative methods are similar to 
the ones described by Barnes (1, p. 307). 

In method 1 the operator stood erect beside the lever. 
The axis of the socket was horizontal as was the starting 
position of the lever. The operator pushed the lever down- 
ward against the axial torque load, thus causing the axis 
to rotate in a clockwise direction. Method 2 differed from 
method 1 only in that the ratchet was reversed and the 
operator pulled the lever upward, thus imparting a 
counter-clockwise motion to the shaft. In method 3 the 
axis of the brake and, of course, of the socket also, was 
in the horizontal position but the lever was in the vertical 
position. The operator stood erect and to the observer's 
right of the brake shaft and pushed the lever away from 
him. Method 4 was similar to method 3, except that the 
ratchet was reversed so as to permit the operator to pull 
the lever towards himself, thus causing clockwise rota- 
tion of the axis. In method 5 the axis of the brake was 
mounted vertically so that the lever arm would turn in 
the horizontal plane. The operator pushed the lever 
against the axial torque load, thus causing counter-clock- 
wise rotation of the shaft. The same arrangement was 
used in method 6 except that the ratchet was reversed so 
that the operator could pull against the load with a re- 
sultant clockwise rotation of the brake shaft. 

Beginning with the smallest average increase in heart 
rate, the rank order of the six methods was 1, 5, 2, 6, 4, 
and 3. However, there was not a great deal of difference 
among the six response means. The analysis of variance 
indicated that the variance due to the six manipulative 
methods was not significant, even at the 10% level; there- 
fore, a contrasts test on the difference between paired 
means was obviated. 

Again the main factor of operators was found signifi- 
cant. Also the main factor of torque was found signifi- 
cant. This was empirical proof that the measured variable 
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was indicative of task difficulty. The interaction between 
methods of operation and torque was non-significant. 

According to these findings, there was no evidence that 
the physiological cost, in terms of increase in heart beats, 
was significantly different for the methods used to manip- 
ulate the hand lever. Also the same was generally true 
for most of the crossbar and handwheel operating posi- 
tions. In other words, the use of the different manipula- 
tive methods for these devices did not result in a sufficient 
difference in increase in heart rate to justify the recom- 
mendation of one method over some other method except 
in isolated cases. In the case of handwheels, method 2 ap- 
peared to be better than method 5. In the case of cross- 
bars, method 2 appeared to be better than the other four 
methods. 

The motion economy principle in question was estab- 
lished on the basis of empirical investigations performed 
by Kuhne (3), and it is explained and illustrated by 
Barnes (1, pp. 305-312). The maximum operant load was 
the criterion of choice used to select the best motion posi- 
tion. This canon maintained that the best motion econ- 
omy method of operation was the one in which the op- 
erator assumed the position at which he could exert his 
greatest strength, i.e., enjoy the greatest mechanical ad- 
vantage, This variable was measured by the maximum 
force against which the operator could cause the device 
to move. 

It is unfortunate that the available information on the 
design of the original experiments is insufficient for the 
application of modern statistical methods in order to 
effect mathematical comparisons. However, inspection of 
the graphical presentation of the results obtained at the 
comparable work height of 421% inches indicates that the 
original findings are in general agreement with those ob- 
tained by the statistical evaluation of the heart rate study 
data. In other words, the physiological evidence as indi- 
cated by increased heart rate does not refute the motion 
economy principle which was formulated with the me- 


chanical advantage criterion. 


4 STUDY OF FOOT PEDAL MOTIONS 

The purpose of this experiment was to investigate foot 
pedal motions with the criterion of increased heart rate. 
There are many variations in the size and shape of foot 
pedals, but basically there are five fundamental] designs. 
A model of each of these five designs was built for use in 
this research. The movable section of each pedal meas- 
ured 4 by 10 inches. A mechanical counter was attached 
to each pedal to count the work unit cycles so as to have 
a measure of how well the operators maintained pace with 
the metronome, The surface of each pedal was covered 
with a high friction material. 

Pedal 1 had the fulerum at the end under the heel. A 
small strip across the end served as a stop for positioning 
the shoe. Both the heel and the ball of the foot were in 
contact with the plane of the pedal. Pedal 2 had the 
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fulerum at the toe end which was 4 inches above the base 
plane. Both the heel and the ball of the foot were in con- 
tact with the plane of the pedal. Pedal 3 had a stationary 
rest for the heel. A small strip across the front of this part 
was used as an aid to hold the foot in position. The ful- 
erum for the movable part of the pedal was mounted at 
the front of the stationary heel rest, i.e., just in front of the 
heel under the arch. Pedal 4 had the fulcrum at the toe 
end. The ball of the foot rested on the pedal and the heel 
hung over the end of the pedal. When the pedal was fully 
depressed the heel came in contact with a stationary sec- 
tion. Pedal 5 had the fulerum under the arch. A small strip 
across the pedal at the front edge of the heel served as a 
positioning device. 

These pedals are similar to the ones used by Barnes, 
Hardaway, and Pololsky in an experiment to determine 
the best foot pedal when the criterion was the maximum 
speed of operation (2). Their operators worked while 
sitting. 

Three levels of work load were used in the pedal experi- 
ment: 5 pounds, 10 pounds, and 15 pounds. These weights 
were suspended from a cord by detachable snaps. The cord 
was threaded through a system of pulleys which was nec- 
essary to change the direction of the force. A separate pul- 
ley system was used for each pedal. The cord was at- 
tached to a metal arm extending from the front of the 
pedal. The same size and length of extension was used 
for each pedal. A metal container was hung from each 
of the cords. These containers held just enough sand to 
counter-balance the friction in the individual system and 
to hold the foot pedal in its normal position when it was 
not in use. The operators manipulated the pedals while 
standing. 

Beginning with the pedal which resulted in the smallest 
average increase in heart rate, the rank order of the 
pedals was found to be 1, 2, 4, 5, and 3. Barnes and his 
associates (2) ranked the pedals, beginning with the 
pedal which could be operated fastest, as follows: 1, 2, 3, 
5, and 4. Although their operators manipulated the pedals 
while sitting and used only one work load, their choice of 
the best two foot pedals is the same as the choice indi- 
cated when the smallest increase in heart rate was the 
criterion. 

The analysis of variance showed that the variance due 
to the main effect of pedals was significant at the 10% 
level. A Newman-Keuls multiple contrasts test showed 
that pedals 1 and 2 were not significantly different from 
vach other, but both of these were significantly different 
from the other three pedals. Pedal 3 was not significantly 
different from pedals 4 and 5, and the latter pair of pedals 
were not significantly different from each other. 

The variance due to work load was found highly sig- 
nificant; this was proof again that the experimental meas- 
ured variable was indicative of task difficulty. The two- 
factor interaction of pedals and work load was found non- 
significant, thus indicating that the choice of a pedal is 
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not dependent upon the force the pedal must move. The 
operator effect was highly significant, but this variance 
Was attributed to the individual differences among the 
operators. 


A STUDY OF SIMULTANEOUS AND SYMMETRICAL 
HAND MOTIONS 

The purpose of this experiment was to investigate the 
motion study principles relating to the simultaneous and 
symmetrical use of the hands with minimum increase in 
heart rate as the criterion. Four methods of operation, i.e., 
motion patterns, were used in this experiment. In order to 
comply with the experimental design requirement of a 
control to indicate that the measured variable of in- 
creased heart rate was indicative of task difficulty, three 
different pairs of weights were used. These weights were 
made of metal and each had the same size handle and 
body diameter. The equally spaced levels of these weights 
were 0.5 pounds, 2.5 pounds, and 4.5 pounds. The choice 
was made of a two-pound increment between levels of 
weights in accordance with the results of a pilot study. 
The purpose of the pilot study was to determine statis- 
tically the range in which the measured variable was dis- 
criminatory 

Because the experiment required a high degree of con- 
trol of the symmetry of the motion patterns, it was neces- 
sary to provide some means to fix the stations between 
which the objects (weights) would be moved. At most, an 
experimental method would require four stations. Fur- 
thermore, the experiment called for a means to indicate 
that, where required, the motions were being performed 
simultaneously and not slightly out of phase with each 
other. In addition, it was desirable to have some way to 
determine the number of work unit cycles performed in a 
specified time period in order to ascertain how well each 
operator maintained pace with the metronome signal. 
These latter two experimental requirements were fulfilled 
by electrical means. Each of the station fixtures had a 
normally open microswitch built into its base. When a 
weight was properly positioned on the fixture it actuated 
the microswitch, thus initiating an electrical signal. Each 
fixture had two holes, one each in two diagonally op- 
posite corners. The table top was equipped with metal 
pegs, and the fixtures were aligned by placing the holes 
over the fixed pegs. This permitted exact duplication of 
the work positions each time a change in work method 
required a different arrangement of the stations. 

The layouts of the stations for each of the four meth- 
ods of operation, i.e., motion patterns are shown in Fig- 
ure 1. The operators performed all of these tasks while 
seated. All of the operators performed all of the tasks at 
the same pace. Method 1 required that the operator use 
his right hand to move the weight alternately between 
stations 1 and 2 while his left hand remained idle. The 
geometric relationship between stations 1 and 2 was held 


constant for methods 1, 2, and 3. The purpose of using 
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Fic. 1. The Four Hand Motion Methods. (Method 2 and Method 
3 are identical with the exception that Method 2 is Simultaneous 
and Symmetrical while Method 3 is Non-Simultaneous and Sym- 
metrical. The two methods are combined in the drawing.) 


method 1 was to employ the results in a comparison with 
two-handed operations in order to appraise the motion 
study canon regarding the use of both hands in a task. 

In method 2 the stations were arranged to permit op- 
posite and symmetrical hand motions. The right hand 
grasped the weight on station 1 while the left hand 
grasped the weight on station 3. At the same time that 
the right hand moved its weight to station 2 and released 
it, the left hand moved its weight to station 4 and released 
it, thus completing the first half of the work unit cycle. 
In the second half of the work unit cycle the right hand 
grasped the weight on station 2 at the same time that 
the left hand grasped the weight on station 4. Simultane- 
ously the hands returned their loads to their original 
stations. The operator continued this work cycle through- 
out the work period. The purpose of this method was to 
obtain the heart rate data for simultaneous and sym- 
metrical motions. 

The same arrangement of the station fixtures used in 
method 2 was again employed in method 3. While the 
operator’s left hand remained idle, he moved the load on 
station 1 to station 2 and then from station 2 back to sta- 
tion 1. Immediately following this maneuver the operator 
used his left hand to move the weight on station 3 to sta- 
tion 4 and from there back to station 3 while the right 
hand remained idle. The operator repeated this sequence 
throughout the work period. The purpose of this method 
was to provide a symmetrical but non-simultaneous set of 
hand motions. 

In method 4 the fixtures were arranged so that the 
center line of stations 1 and 2 would be perpendicular to 
the extended center line of stations 3 and 4. The sequence 
of the hand motions in this method was the same as 
that for method 2, i.e., the two hands worked simultane- 
ously. However, the pattern of the motions was not sym- 
metrical. Thus, this method involved simultaneous but 
non-symmetrical hand motions. Again the operator re- 
peated this work cycle throughout the experiment. 

The analysis of variance indicated that the variance 
due to different methods of operation was highly signifi- 
cant. There, the Newman-Keuls technique was employed 
to evaluate statistically the significance of the differences 
between pairs of methods. Method 1, the single-handed 
operation, resulted in a smaller increase in heart rate than 
the other methods. This method was significantly differ- 
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ent from methods 3 and 4, but was not significantly 
different from method 2. In method 3, the case in which 
the two hands worked alternately to perform symmetrical 
motions, the same amount of work was done as was 
accomplished in method 1; (in accordance with the de- 
sign of the experiments, the rate of work performance was 
maintained constant for all methods). According to these 
findings it appears that it is better to use one hand to ac- 
complish a specified task than to employ both hands al- 
ternately to accomplish the task. In other words, for an 
equal amount of work performed, the one-handed opera- 
tion resulted in a significantly smaller increase in heart 
rate than did the two-handed non-simultaneous motions. 

Methods 2 and 4 also involved the same amount of 
work but method 2 resulted in a smaller increase in heart 
rate than did method 4, and the difference between the 
mean increases was found statistically significant. Ac- 
cording to these findings it appears that the simultaneous 
and symmetrical motions method was better than the 
simultaneous and non-symmetrical motions method. 

Method 1 was found significantly different from 
method 4, but the latter method accomplished twice as 
much work. If the amount of work output is disregarded, 
it appears that simultaneous non-symmetrical motions 
caused a significantly greater increase in heart rate than 
the method in which one hand was idle while the other 
hand performed the task. 

Method 1 resulted in a smaller increase in heart rate 
than did method 2. However, even though the use of 
method 2 accomplished twice as much work as method 1, 
the contrast test did not show that these two methods 
were statistically significantly different from each other. 
According to these findings it appears that, at the rate 
of work performance used in this experiment, there was 
some evidence that the use of both hands simultaneously 
in symmetrical motion patterns is probably justified. 

The above conclusion was further supported by the 
fact that methods 2 and 3 were also found to be not 
significantly different from each other. Furthermore, in 
spite of the fact that method 2 resulted in the smaller 
increase in heart rate, its use resulted in accomplishing 
twice as much work as the use of the one-hand-at-a-time 
motions of method 3. Evidently, for these working condi- 
tions, simultaneous and symmetrical hand motions, in 
addition to acomplishing twice as much work, are physio- 
logically better than non-simultaneous and symmetrical 
hand motions. 

Method 3 was found to be not significantly different 
from method 4. The former method resulted in a lower 
physiological cost in terms of increased heart rate, but it 
resulted in accomplishing only half the amount of work 
done when the latter method was used. According to these 
findings it appears that the use of simultaneous and non- 
symmetrical hand motions is probably justified when the 
alternative motion pattern is non-simultaneous and sym- 
metrical. 
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The variance due to the main effect of operators was 
found highly significant. This, of course, was attributed 
to individual differences among the operators. 

The variance due to different levels of work load was 
also found highly significant. The interaction between 
methods of operation (motion patterns) and work load 
(weight handled) was found to be significant. A graph of 
increased heart rate versus work load for each motion 
pattern revealed that none of the curves intersected, but 
they were not parallel. This may indicate that for some 
levels of work load outside the range used, the heart 
rate response data may point to the use of some different 
motion pattern than was selected from this study. 

The levels of the work load in each of the experiments 
were evenly spaced. This was done to simplify the ecal- 
culations for the curves showing the relationship between 
increased heart rate and increased work load. This in- 
formation in itself was not pertinent to the object of the 
research, but as a matter of interest, it was aranged that 
the data be taken in a matter which permitted easy cal- 
culations of the relationships. For what it may be worth, 
the relationship between these two variables was found to 
be highly linear statistically, and the quadratic com- 
ponent was non-significant in all cases. A word of caution 
is appropriate, namely, that a canon is neither expressed 
nor implied because this relationship may or may not 
apply to other tasks, operators, levels of work load, long 
periods of continuous work, or working conditions. 

In summary, it may be concluded that the use of in- 
creased heart rate as a physiological criterion did not 
provide evidence for the refutation of these particular 
motion economy principles. 
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Sensitivity Analysis in Linear 
Programming 


by C. M. SHETTY: 


Department of Industrial Engineering, The Technological Institute, Northwestern University 


Ti E general linear programming problem is to find non- 
negative values of n variables which maximize a given 
linear function of the variables, subject to m given linear 
constraints. The solution to this problem has been formu- 
lated by Dantzig (4) into a systematic iterative proce- 
dure, now known as the simplex method (2) (3) (6). It may 
be recalled that the first step in this method is to express 
the restrictions in the form: 


>» Gisky T Zi , ic B, 
j¢B 


where the set B is defined by: 


B }7| 2, is a basis variable in the initial tableau 


(formed using Eq. 1.) }. 


The criterion function (primary objective function) can 
be written as 


morn 


C(x) = > cw 


j=l 


Eq. 2. 


In the formulation of the foregoing problem it is pre- 
sumed that the constants of the problem are known with 
absolute precision and do not change with time. However, 
in many cases, only estimates of these values are avail- 
able, and the values may have to be changed when better 
estimates are available. The values may also change with 
time, for example, when technological improvements 
result in an increase in the production rate. Further, in 
some cases, the optimum solution obtained using a set 
of constants may have to be changed to satisfy secondary 
objectives, such as customer good-will etc. The impor- 
tance of this aspect of management problems is borne 
out by the remarks of the commentators on the papers 
on linear programming during the First International 
Conference on Operations Research (5). 

In this article the effect of changing either one constant 
or one variable of the problem will be studied. Further, 
the variation is restricted to the case where the new opti- 
mal solution does not necessitate a change of basis in the 

‘The author is indebted to Dr. Loring G. Mitten of 
Northwestern University for valuable counsel and criticism 
during the entire course of the study. Further, acknowledgement 
is made of the prior work of Dr. A. Charnes in the field of sensi- 
tivity analysis in linear programing (1). Appreciation is also 
due to Mr. W. R. Lynn and Dr. A. Rosenberg for helpful dis- 
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final tableau obtained for the original problem.’ The 
specific questions dealt with in this paper are: 

1. What is the optimal solution when one of the constants of 
the problem (either some c; or b; or ai;) is changed without 
necessitating a change of basis? What is the new value of 
the criterion function? 

. When the value of one of the variables is changed by a 
given amount, what changes are necessary in the values 
of the other variables if the reduction in the value of C(x) 
is to be a minimum? 

Analysis of this nature, which may be called sensitivity 
analysis, is useful in many practical contexts. In certain 
situations, it is helpful to know the amount of change in 
a constant which will change the basis. For example, con- 
sider a production context where the production is to be 
scheduled over a certain set of facilities. In this case, 
knowledge of the amount of change in a constant which 
will necessitate the use of other facilities will be helpful 
in planning. When the value of a variable is changed to 
satisfy secondary objectives, the optimal changes in 
the values of the other variables to insure a minimum 
reduction in the value of the criterion function will be of 
interest. The examples given later will illustrate some 
of the practical applications of sensitivity analysis. 


ILLUSTRATIVE PROBLEM 


For the sake of clarity, the method of analysis will be 
illustrated using the following example. Suppose a 
manufacturing concern deals in three products, / through 
3. The production rates, space requirements for storage, 
and profits are as given in Table 1. The maximum time 
available for production may be assumed to be 8 hours 
per day, and the maximum amount of storage space avail- 
able as 400 square feet. Further, suppose that the maxi- 
mum demand for product 2 is expected to be 70 pieces 
per day. The problem is then to find the number of pieces 
of each product to be produced per day to maximize 
profit. 

Denoting the number of pieces of each product pro- 
duced per day by 2, 22, and x; respectively, the problem 

? The method of handling variations in more than one constant 
and also the case involving a change of basis are discussed in an 
article which will be published in the November-December issue 
of the Journal of Industrial Engineering. This provides a method 
of deriving the new optimal simplex tableau when a set of con- 


stants of the problem are changed, and hence is useful in study- 
ing certain dynamic systems. 
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TABLE 1 


Product 1 2 3 
Production rate (pes. per hour) 20 60 15 
9 ‘ 


Storage space (sq. ft. per pe.) 4 2 3 
Profit ($ per pe.) 20 10 20 


can be expressed in the form given in Eq. 1. and Eq. 2. 
as follows: 


Maximize: C(x) =202,+ 102.+20234+0.2,+025+0.1¢, 
subject to the restrictions: 
3x) + re + 42s + a4 = 480, 
tr, + 2x2 + 323 + 75 = 400, 
Xe +2a6= 70, 
where the time restriction is expressed in minutes, and 
a, through 2» are the slack variables. 
From the above set of equations, the initial tableau 
(Table 2) can be formed. Proceeding by the simplex 
method, we have the final tableau given as Table 3. 


TABLE 2 
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NOTATION 


We now proceed to state some of the notation used in 
this study. Consider a change in a variable or constant, 
For example, let a;; be changed to a;,;*. We will denote 
the change by Aa;;=(a;;*—a,;;). The maximum and 
minimum possible values of Aa;;, without changing the 
basis in the final tableau, will be denoted by Ba;; and Aaj; 
respectively. 


Further, for convenience, we will denote (c;—z,;) by 
w,;. It may be recalled that both 


{= > ca;; and w,; 
icB . 
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have been evaluated and are entered in the bottom rows 
of column j of the simplex tableau. 

In this study it will be necessary to relate the elements 
of the initial tableau with the elements of the final tableau. 
Consider the initial tableau. Corresponding to this 
tableau we have already defined a set B= }j| x«;Cbasis 
in the initial tableau}. The element at the intersection 
of the row corresponding to a variable xp(PCB) and 
the column corresponding to a variable xg will be denoted 
by apg. Likewise, the element bp will be in xp’s row. To 
illustrate the notation, in Table 2 we have B= }4, 5, 6} 
ds2 = 2, bs = 480, 24=0 and w.= 10. 

Now consider the final tableau, the elements of which 
will be denoted with a prime. The basis variables in this 
tableau can be identified by defining a set B’=}j\ x; 
€basis in the final tableau!. The element at the inter- 
section of xr’s row (RE B’) and x7’s column will be de- 
noted by arr’. Similarly, the element bp’ will be in xp’s 


row. For example, in Table 3 we have B’= }3, 2, 6}, 


, 


G3,’ =.4, bs’ =112, z,’=22 and w,’ = —2. 

In the analysis that follows the optimal changes neces- 
sary when a variable or constant is varied will be given 
in the form of an algorithm. It will then be illustrated 
with an example. Mathematical justification for the 
same will be given after the statement of all the algo- 
rithms. 


VARIATION IN ¢, 
In this section we study the variation in c;, j=1, - + - , 


m+n, the coefficients of the variables in the criterion 
function. 


Algorithm 1a. Change in c,, J&B’, ie. 
basis in the final tableau. 


, ty is not in the 


(i) The maximum change possible in c, without chang- 
ing the basis in the final tableau is given by: 


— x SAcy S —- w,’, J & B’. 


In the notation given earlier, we have Ac;=—« and 
Ac;=—w,’. wy’ has been evaluated in the last row 
(column J) of the final tableau obtained by the simplex 
method. 


(ii) For a change in cy, within the limits indicated above, 
i.e., for Aes SAc;SAc;, the change necessary in the 


values of the variables is given by: 


Az, = 0, g=1,---,mt+n, 


i.e., the optimality of the solution is unaffected. 


(iii) For a change in c, within the limits indicated above, 
the change in the value of the criterion function is given 
by: 


i.e., the value of the criterion function is unaffected. 


Algorithm 1b. Change in c,;, J EB’, i.e. 
able in the final tableau. 


, vy 18 a basis vari- 
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(i) The maximum change possible in cy without changing 
the basis in the final tableau is given by: 


Ac, S Acs S& Acy, 
where 


w, 
Ac; = max , 


, 
yk 


oe i ay. > Oandk & B’, 


and 


—- ; Wy 
Ac; min -9 © |, 
Ask 


(ii) For a change in cy within the limits indicated above, 
the change necessary in the values of the variables is 
given by: 


ay <Oand k & B’. 


Ax; 0, -_,;m+n, 


i.e., the Optimality of the solution is not affected. 
(iii) For a change in c, within the limits indicated above, 
the change in the value of the criterion function is given 
by: 

AC(x) = Acyxy. 
Example 


In the illustrative problem given earlier, if the coeffi- 
cient c, of x; is increased by more than 2 units, using 
Algorithm la it can be verified that Table 3 cannot be 
the solution tableau. 

To illustrate the application of Algorithm 1b, consider 
decrease in ¢, the coefficient of x2. Table 3 will no longer 
be the solution tableau if ¢ is changed by more than 


—2 -—4 
Ace = max| , | = — 1.44. 
= 1.4 8 


Similarly, the maximum increase in ¢, without affecting 
the optimality of the solution is given by 


Aer = 


CHANGE IN 6b 


We now proceed to study the effect on the solution if a 
restraining constant b,, 7CB, is changed. The following 
steps will give the corresponding optimal changes neces- 
sary in the values of the variables, and the change in the 
criterion function 


Algorithm 2 


(i) The solution to the problem with b; changed by Ab, 
will have the same basis variables as the original problem 
if we have: 


Abr < Abr S Abr, 
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—Z; 
Abr max| ty - «|, aj,’ >Oand-ECB. 


aj 
and 


- 2; 
Ab; = min |: -" , |, aj’ < Oandj € B’. 
a;1 


In the foregoing equations, aj,’ are the elements in the 
final tableau in column J, as per the notation adopted 
before. 


(ii) For a change in 6; within the limits indicated above, 
the corresponding optimal change in the values of the 
variables is given by: 


A { Abra’ ; j Ee B’ 
1, : 
2. a a 


(iii) The change in the value of the criterion function 
corresponding to the change in the values of the vari- 
ables as indicated above, is given by: 


AC(z) = Ab;z,' 
where 


, , 
oe > C;Aj1 


jeB'’ 
given in column J of the final tableau. 


Illustration 


Suppose, in the example given earlier, the cost of 
providing additional storage space is $50.00 per square 
ft. From Algorithm 2, each additional unit of storage 
space will result in an increase in C(x) by 25’ =4 dollars. 
This implies a gross return (before interest, depreciation, 
etc.) of 8 percent on additional investment. The maximum 
possible increase in storage space with this rate of return 
is given by: 


ie _f-l2 38 
Ab, = min | - ) = 47.5 sq ft. 


-2 —-38 
If by is increased, by say 40 sq. ft., the corresponding 
change in the values of the basis variables, from Step 2 
of the algorithm, are Arv;= —8, Ave=32 and Axg= —32. 
The corresponding increase in C(x) is given by (40)4 
= $160. 
Similarly, if the time restriction can be relaxed, say 
through overtime payment, we have: 
—32 


Ab, = = 53.33, 
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Hence, it is profitable to increase production time with 
over-time payment at a maximum rate of $2.00 per 
minute or $120.00 per hour to the extent of 53.33 min- 
utes per day. 


CHANGE IN a,, 


We now consider the effect on the solution when one of 
the coefficients a;; in the restraining equations is changed. 
If a;, is changed by Aa;,, the changes necessary in the 
values of the variables to make them optimal, and the 
corresponding change in the value of the criterion func- 
tion, can be obtained using the following algorithms. 


ry is a basis 


Algorithm 3a. Change in a,,, JCB’, i.e., 
variable in the final tableau. 

(i) The maximum possible change in a;, without necessi- 
tating a change of the basis in the final tableau is given 
by: 


os ' Zi —W; 
Aa;, = min : es ae ere a OP: 
(Qi ty — Gy Xi) (27 As; + Wj ay7 ) 


where the first term is evaluated for all (© B’ satisfying 
ait, > max 10, ayr'x;\|, and the second term for all 
jEB’ satisfying z;'a,;/>max [0, —w,'as,’ |]. 


Zi —W; 
dary = max . = ’ = eee ga DD, 
(Qyy'ay — Gy/X;) (2y'az;' + w;azr’) 


where the first term is evaluated for all i€© B’ satisfying 
ay’ xX, <min (0, ayr'x;\|, and the second term for all 
jEB’ satisfying z;’ay;’<min |0, —w,‘ay,’|. 
(ii) For a change in az, satisfying 4a;;S Aa; SAaz,, 
the optimal change necessary in the values of the vari- 
ables is given by: 

Aayyayr' x, 


1 + Aayyay;’ 
0 , ic B’. 


ic B’ 
Az; = 1 


(iii) The change in the value of the criterion function 
corresponding to the above changes is given by: 
Aayyzi'Xy 


AC (x) . 
1 + Aayyaysy’ 


Algorithm 3b. Change in ar,, J EB’, i.e., 
variable in the final tableau. 


xr, is not a basis 


(i) The maximum possible change in ay, without necessi- 
tating a change in the basis, is given by: 
Aayy S Aayys S Aary, 


where 


when 2,’ S 


when 2,’ 
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and 


when 2,’ = 0 
when 2,’ < 0. 


(ii) For a change in ay, within the above limits, we have 
Az; = 0, t=],---,m+n, 
i.e., the solution is still optimal. 

(iii) For a change in a;, within the limits indicated 
above, the change in the criterion function is given by: 
AC(x) = 0, 

i.e., the value of the criterion function is unaffected. 


Illustration 
In the illustrative problem given before, suppose that 
through technological improvements the production rate 
of product 2 can be increased to 120 pes. per hour. We 
then have Aaw=—.5. Using step (i) of Algorithm 3a 
we get Aag=—«, as there are no rows or columns 
satisfying the conditions for evaluating the first two 
terms. From step (ii) the optimal change in the variables 
is given by: 
(— .5)(.4)(32) 
1 + (—.5)(—.6) 
(—.5)(—.6)(32) 
1 + (—.5)(—.6) 
(—.5)(.6)(32) 


1 + (—.5)(—.6) 


Ax; 


Axs = 


and the change in the value of the criterion function is 
given by: 


(—.5)(2) (32) 


AC(x) = -— —-- 
1 + (—.5)(—.6) 


24. 
Hence, the maximum increase in C(x)—if production of 
the various items is changed, as evaluated above, to the 
new optimal values—is $24.00 per day. This information 
can be a vital factor in deciding on additional expenditure 
for increasing the production rate of product 2. 

Now consider an increase in the production rate of 
product 7. Using Algorithm 3b, we have: 


Aay = 


i.e., only if the production rate of product / is more than 
30 pes. per hour it will be profitable to produce it. 
CHANGE IN THE OPTIMAL VALUES OF z; 


In this section we turn to another aspect of the study, 
namely the effect of changing the optimal values of the 
variables. So far it was presumed that maximizing 
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C(x) is the only objective. However, in many cases the 
results obtained by this approach have to be modified to 
satisfy other objectives. For example, the values of the 
variables may have to be increased to meet contractual 
agreements. We now proceed to show how this can be 
done with minimum penalty in terms of the primary ob- 
jective function. 

It is evident that any deviation from the optimum 
solution obtained by the simplex method will reduce 
C(x). In order that the reduction in C(x) is a minimum, 
the variables have to be changed according to the follow- 
ing algorithms. 


Algorithm 4a. Change in xx, KGB’, i.e., 
variable in the final tableau. 


rx is not a basis 


(i) The maximum change possible in xx without chang- 
ing the basis in the final tableau is given by: 


0 s Ark < Ark, 
where 


- xi 
Axx min 1 x 
OiK 


Ark 0, as stated, because rx =0, KEB’. 


i € B’,anda;x’ > 0. 


(ii) For a change in xx within the limits given above, in 
order that the decrease in C(x) may be a minimum, the 
optimal change in the values of the variables is given by: 

ain’ Ark, l CG B’ 

0, 1&4 B andi#¥K 

Ark, l K 


(iii) The corresponding change in the value of the eri- 
terion function is given by: 

AC (x wr’ Ark. 
Algorithm 4b. Change in x7, 1€B’, i.e., 
able in the final tableau 


ry is a basis vari- 


(i) When a basis variable is changed, a non-basis vari- 
able xx must be increased, as shown in the proof of the 
algorithm later. To find K prc ceed as follows: 
Let 
— wy’ 
Mi 


, 


ay 


Evaluate yu, for every KGB’ and a 


increase In 2y, 


‘<0 in the case of 
and for every k@B’ and a;,’>0 in the 
case of decrease*® in 2;. Let ue=min py. (If there are 
more than one min ux, select any one of them.) Then xx 
is the non-basis variable that must be increased to give 
minimum reduction in C(x). 

The maximum possible change in x;, without necessi- 


tating a change of basis, is then given by: 
Ar, < Ar; < Axr, 
If there is no a,’ satisfying this condition, then z,; cannot 
be increased or decreased, as the case may be, without violating 


one of the restrictions. |a;,’| denotes absolute value of aj,’ 
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where 


XiGrK’ : 
max | — ——— |], i © B’ and a,x’ > 0, 


, 
Aix 


| i€ B’ and a,x’ > 0. 


(ii) For a change in x, within the limits mentioned above 
in order that the decrease in C(x) may be a minimum, 
the change necessary in the values of the variables is 
given by: 
Ax, : ‘ 
— K 
arK 
0, iG B andi#¥K 
/ 
ix Ax, : 
“ps U Ec B’. 
arK 
(iii) The corresponding change in the criterion function 
is given by: 
wr’ Axy 
AC(x) = - 
ark’ 


Illustration 


In the problem given earlier, if at least 10 pieces of 
product 7 must be produced, from Algorithm 4a, it is 
easily seen that Av3= —4, Ar,= —14, and Axp=14. C(x) 
will then decrease by 20, which is the minimum possible 
decrease in C(x) if the additional restriction 2,2 10 is to 
be satisfied. 

On the other hand, if 2. must be increased by 18, from 
Algorithm 4b, we must have Ar,=30, Axv;= —12 and 
Axv,=—18. The corresponding decrease in C(x) is 60 


CONCLUSION 


An important aspect of solution to many practical 
problems is a sensitivity analysis in order to evaluate 
the consequences of a change in a constant or of deviating 
from the optimal solution. From the study presented in 
this article it is clear that in the case of linear program- 
ming problems such an analysis can readily be made using 
the final simplex tableau. The algorithms presented earlier 
provide a convenient method of carrying out sensitivity 
analyses with relatively simple hand-computations even 
though the original problem may involve such a large 
number of variables as to necessitate the use of a com- 
puter to obtain the original solution. 


MATHEMATICAL DEVELOPMENT 


We now proceed to give the mathematical justifica- 
tion for the various algorithms given earlier. 


Algorithms 1a and 1b 


It may be recalled that a tableau in the simplex pro- 
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cedure is a solution tableau only if we have (w,’+Aw,’) 
Ss0, j=1,--+-, m+n. Algorithms la and 1b follow 
directly from this requirement. 


Algorithm 2 


Consider the columns jC B’ in the final tableau. Rear- 
range them to form an identity matrix. Let the cor- 
responding columns jC B’ in the initial tableau also be 
simultaneously rearranged in the same order. The mXm 
matrix thus obtained will be denoted by matrix A. 

Now consider the columns jCB in the initial tableau, 
and rearrange them (if necessary) to form an identity 
matrix. It can be proved that the mXm matrix formed 
by rearranging the corresponding columns jCB of the 
final tableau in the same order, wil! give A~', the inverse 
matrix of A. 

Thus, in the illustrative problem, we have: 

r4 1 


4—.2 


2 0 and A-'=] —.6 0 


.8 
pal ke .6 —.8 l 


It can further be shown that every column in the body 
of the final tableau (shown in heavy lines in Table 3) 
can be obtained by multiplying on the left (according 
to the row by column rule of matrix multiplication), 
the corresponding column in the initial tableau by A™. 
In particular, if we denote the column in the initial 
tableau with elements b; by b, (an mX1 matrix,) and 
the corresponding column in the final tableau by matrix 
b’ (with elements b;’), we have 


b’ = A-'b, Eq. 3. 


which can be written as: 
= Ab’. Eq. 4. 


From the rule of matrix multiplication it is evident 
that changing an element b, of b will change the elements 
b,’ of b’ by 


Abi = ay’ Abr, ic B, Kq. 5. 
where aj,’ is the element in column J of A™ (i.e., the 
column corresponding to the variable .;). 

Now consider the equation corresponding to row i, 


i€© B’, in the final tableau. It can be written as: 


. a4; + 2; = b/, ic B’. Kq. 6. 
jqBr 


But 2;=0, 7&B’. Hence, we have: 


x; = b,, ic B’. Kq. 7. 

It may be noted that in the simplex procedure the 
value of a non-basis variable in the solution tableau 
is zero. Since the change in b; under consideration is such 
that the basis is not changed, the new optimal values 
of the non-basis variables must still be zero. Hence, 
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when b,’ is changed by Ab,’, Eq. 6. gives: 


ai + Ax; = bi + Ab/, ic B’. Kq. 8. 
Subtracting Eq. 7. from Eq. 8. and changing the sub- 
scripts from i to j, we have: 


Az; = Ab; = ay'dbr, jC B. 


This proves step (ii) of the algorithm. Step (i) follows 
directly from the requirement that we must have (2;+Az;) 
20,j=1,°:°°, m+n. 

We now consider the change in the value of the 
criterion function. From C(x) = >3 c;«;, we have: 


AC(x) = > cjAay, 
J©€B’ 


Eq. 9. 


as only the basis variables are changed. Substituting 
from Eq. 9., we have: 


AC(x) = } €;0;1' Aby = Ab;z/’, 


jEB’ 
which completes the proof. 


Algorithm 3a 
Let an element a;,, JCB’, be changed by Aa;,. /CB’ 
implies that ay, is an element of matrix A defined earlier. 
Hence, denoting the new matrix (with one element a;, 
of A changed by Aaz;,), by A, we have: 
A=A+ AayvE 
A|I + A~'Aaz,E}, 
where Eis an mXm matrix with a unit element at row 7 


and column J and zero elsewhere, and I is an mxXm 
identity matrix. Hence, 
A“! = [1+ A“'AayE]-“'A“. 
The new value of b’ is therefore given by: 
b” = A-'b = [I+ A-'Aay,E|-'b’, Eq. 10. 
as A~'b=b’ from Eq. 3. It can be shown that 
[I + A“'Aa,E|-' = [I+ A'oE|, Eq. 11. 


where 
yuu Aayzy 


] + Aary ay of 


Cry = 


? 


ay,’ being the element in row J and column J of A™, i.e., 
the element at the intersection of xzy’s row and 2)’s 
column in the final tableau. Substituting Eq. 11. in Eq. 
10., and subtracting b’, we get: 
|} Ab,’} = b” — b! = [I + A-'o,,E — I|b’ 
A 1g,,Eb’. 
It can be easily verified that A-'¢;,E is a matrix with 
e'ements 
(u'r when j = J 


sinh lo when j # J. 
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Therefore, A~'o;,;Eb’ is an mX1 column matrix with 
elements ajz'o;,b,', and the change in the elements of 
b’ is given by: 

Aazsair' xz 


Abi = ay'ornb,'’ = — ——— , 


. ic B’. 
1 + Aayyayr 


In the proof of Algorithm 2 it was shown that when 
b,’ is changed by Ab,’, the optimal change in the values of 
the variables is given by: 
jAb,’, ic B’ 
lo 7e B’. 


Az; = 
Substitution of the value of Ab,’ gives step (ii) of the 
algorithm. Substituting the value of Ax;, i€B’, in the 
relation 


AC (x) 


p 2 ciAx;, 


B’ 


gives step (iii) of the algorithm, since 


; , 
_ Cay = Zr. 
ie Bp’ 


To prove step (i) of the algorithm, consider the change 
in w,;’. When ayy is changed by Aa,,, it can be shown 


that the corresponding change in a;,’ is given by: 
i,7 € B, 
iC B’ andj ¢€ B’. 


{ 0 
Aa,;; 
lay o7,jay 


The change in w,’ is, therefore, given by: 


j Q, IC B 


JE B. 


Aw,’ 

—2Z;7 G1j4s1 , 

Step (i) then follows from the requirement that we must 
have 


Ax;) = 0 and (w,’ + Aw,’) s 0, 


1j=l,--+, mtn. 


Algorithm 3b 


In this case, we change a;,, J&B’. Hence, the matrices 
A and A 
final tableau is obtained by multiplying the corresponding 
column of the initial tableau by A™! (as pointed out 
before), only column J/ of the final tableau will be af- 


are unchanged. Since every column of the 


fected by a change in ayy. The change in a,,’ is given by: 


Aa.’ = Aarzyair’, 1c B’. 


This will change z,’ by: 


>» c;(Aazyaiz’) = 


# 


ic B’ 


; 
Aayj21', 


and will change wy,’ by —Aayyzz’. 
It is clear that the final tableau is a solution tableau 
so long as we have (w,’— Aa, zr’) $0, from which Algo- 


rithm 3b follows. 
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Algorithm 4a 
Let xx, KGB’. be increased by Azx. (xx cannot be 
decreased as its value is zero.) Suppose that in order to 


get a minimum reduction in C(x), the changes in the 
values of the variables be such that: 


Ax; > 0 when j © Si, where S, C B’, and 

Ax, > 0 when k € S:, where S, C {k| k & B’}. 
We now proceed to show that for an optimal change, 
Si= {iC B’| aix’#0}, and S={K}. 


Consider Eq. 6. and Eq. 7. corresponding to row i in 
the final tableau. When xx is changed, Eq. 6. gives: 


> ay’ Ar +2; + Ax; = 6/, tC SS, and Eq. 12. 
ke Sy 


i Aix’ Are + 2; = b,’, 


kES, 


ic (B’-—S,), Eq. 13. 
where (B’—S,) denotes the set containing the elements 
of B’ but not of S). 

Subtracting Eq. 7. from Eq. 12. and Eq. 13. respec- 
tively, we have: 


>, aun’Ar, + Ax; = 0, 
kES, 


> au/Ax 0, 


kES, 


iC Si, and Kq. 14. 


ic (BY —S). Eq. 15. 
Now consider the value of the criterion function. The 
change in C(x) is given by: 


AC(x) = y Js cyAx; + Dm CrAXe 


ieS, ke S; 
=—- 7 Ci > ain’ Ax, + bi CrAx, Eq. 16. 
ic S, keS, kES2 
by substituting for Az; from Eq. 14. From Eq. 15. we 
have: 


> « >d aa’Ax, = 0. Eq. 17. 


ic (B’—S;) keS2 
Adding Eq. 16. and Eq. 17., we get: 
AC (x) = = ) 2 Cc; > ay’ Ax, + } a CrAr, 
ic B’ 


keSe kESy 


== _ Az, > Be a + > Cy, AX, 


kESe ic B’ ke s, 


= b 2 (c, — zy AX, = > wy’ Ary. Kq. 
keSe keSs 


This can be written as: 


AC(x) = wx'Ark + D> wi'Ax. 
ke S, 
keK 


In the foregoing equation Az, is the change in z« under 
consideration. It is clear that AC(x) is a minimum when 
the second term in the above expression vanishes, i.e., 
when S:={K}. The minimum value of AC(x) is then 
given by wx’Arx which proves step (iii) of Algorithm 4a. 

Now consider Eq. 15. To satisfy this when S,= {| K}, 
we must have ajx’ =0, 1€ (B’ —§)), i.e., Ss= {iE B’| aix’ 
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#0}. From Eq. 14. and Eq. 15. we then have: 


Ar; = — ayx’Arx, ic B’, Eq. 19. 


which completes the proof of step (ii) of the algorithm. 
Step (i) follows from the non-negativity requirement 
for each xj. 


Algorithm 4b 


Let x,, [© B’, be changed by Az;. It can be shown 
that Eq. 12. through Eq. 19. given in the proof of Algo- 
rithm 4a hold in this case also. For i=J, Eq. 14. gives: 


> an’ Ox, + Ax: = 0. Eq. 20. 
keS» 

When 2; is changed, in order to satisfy this equation, we 
must increase at least one 2», KGS). Further, from Eq. 
18., since (c,.—z,')S0, KES, the minimum value of 
AC(x) is obtained when only one non-basis variable 
(call it xx), is increased, i.e., we must have S={|K}. 
We now proceed to show how this element can be identi- 
fied. Letting S:= | K}{ in Eq. 20. we get: 


Ax; 


Ark = - Eq. 21. 


arr’ 
Letting S.= | K} in Eq. 18., and substituting for rx from 
Eq. 21. gives: 


wr’ Ax 
AC(x) = - 


, 
arK 


The Art of Methods Engineering: 


Now consider Eq. 20. Axx is positive since z« cannot 
be decreased. Hence, we must have a;x’ <0 when Az;>0, 
and arx’>0O when Ax;<0. The rule given at step (i) of 
the algorithm, therefore, insures that we get the mini- 
mum value of AC(x). The equations for evaluating Az; 
and Az; follow from the requirement that we must have 
(a; +Az,) 20. 

Now consider Eq. 15. To satisfy this when S, = } K } , we 
must have ajx’=0, i€(B’—S,). Hence, from Eq. 14. 
and Eq, 15., substituting for Axx from Eq. 21., we have: 

Aix’ Ax; ; 
Ax; = ———» ic B’, 
ark 


which completes the proof. 
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by CECIL W. GUYATT 


Chief Industrial Engineer, United States Steel Corporation 


Your president has pointed out that the membership 
of this society is primarily interested in furthering Indus- 
trial Engineering as a well recognized and regarded pro- 
fession. He and I agreed upon methods engineering, one 
of the basic functions of Industrial Engineering, as the 
general topic. We felt that a technical discussion might 
cover an already much traveled road. Our specific subject 
was chosen as we recalled the situation of a mutual 
acquaintance 

This man has an excellent educational record and a 
substantial background of Industrial Engineering experi- 
ence, Some time ago this man was appointed to a respon- 
sible management position in charge of the methods en- 
gineering function of a large plant. 

He told me one day that he didn’t know why he wasn't 
getting better performance. He had a well organized 
department, staffed with competent personnel and all the 
means for sound work assignment and evaluation of per- 


* Based upon a presentation to the Pittsburgh Chapter, Ameri- 
can Institute of Industrial Engineers, March 4, 1959. 
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formance. Despite these favorable conditions, this aggres- 
sive and ambitious individual was not fully satisfied with 
the results of his efforts. 


THE ARTFUL TOUCH 

The real cause of his dissatisfaction was not self- 
evident. But as the problem was explored, it seemed that 
in his drive to apply the tools of methods engineering, he 
had forgotten that the application of this management 
science requires an artful touch. This deficiency was the 
root of his inadequate performance. 

Our recollection of these circumstances led to the con- 
clusion to emphasize the importance to successful meth- 
ods engineering of the “artful touch.” 

That art enters into the conduct of methods engineer- 
ing may be a novel idea to some of you. It may be a 
temptation casually to dismiss the idea as being only a 
theoretical concept. Do not underestimate this point! The 
lack of the artful touch may mean the difference between 
success and failure in any program for installing effective 
manufacturing practices. 
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Of course, it is important to know about the tools of 
methods engineering 


Much has been written and said 
about flow diagrams, process charts, work sampling and 
the other technical aids for methods analysis. Acquiring 


familiarity with these tools is a relatively simple matter 
of study and practice. The application of these tools for 
appropriate solutions in a particular situation is also a 
simple matter of applying engineering skill and common 
sense. 

No one would use a large computer to add up a few 
items on an invoice, nor a pocket knife to fashion an 
elaborate foundry pattern. Neither would a competent In- 
dustrial Engineer attempt to devise methods that have no 
application, nor to solve a methods problem with a solu- 
tion so complex that no one concerned with its use could 
understand it or apply it. 

So it is important to learn how to use the tools of 
methods engineering as well as to know about the tools 
themselves. But such knowledge and skill is far from 
sufficient if a methods engineering group in a plant is to 
conduct a long term program that is regularly marked 
with the installation of effective manufacturing practices. 

Actually, methods work is an unusual field of engineer- 
ing. No method is made effective except through the 
thinking and doing of people. It not only involves en- 
gineering analysis and design, it also must take into ac- 
count the aptitudes and motivation of people. 

Methods engineering usually functions under a con- 
tinuing demand from top management for significant cost 
reduction which in the final analysis is made effective 
through the efforts of front line supervision. These super- 
visors naturally are first concerned with product quality, 
meeting daily production quotas and maintaining sound 
working conditions and harmonious working relations. 
While they may be interested in cost reduction, they also 
fear criticism for exposed inefficient methods and disturb- 
ance to their routine as a result of methods engineering 
activity. 

Methods engineering to be fully effective must make 
use of the knowledge and services of the other staffs in a 
plan, and, because of the kind of projects, methods en- 
gineering frequently serves as coordinator for various in- 
volved staff activities. Again, such work must be done by 
treading delicately beween differing opinions as to what 
should be done by whom and inherent fear about mis- 
placement of credit for results accomplished. 

There are other aspects of methods engineering that 
could be cited along these same lines. But, I believe it 
should be clear by now that the conduct of methods en- 
gineering inevitably must go forward under conditions 
that reflect the reactions of human beings under many 
varied circumstances. These reactions sometimes are 
passive and at other times positive or negative. The 
causes are usually complex and difficult to understand 
because the thinking and behavior of people is not sub- 
ject to rigid laws. Nevertheless, suecessful methods en- 
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gineering needs conditions of favorable reactions and this 
requires an awareness of the causes of human behavior 
and the possession of some knowledge and skill to manip- 
ulate them. 

We can now make our major point. The technical tools 
of methods engineering can be readily acquired, but the 
creation of conditions favorable to effective application 
which is equally important is frequently more difficult to 
achieve. Ability in this latter phase is more an art than 
application of a science. 

I suspect that in our various society meetings and writ- 
ings we have not sufficiently emphasized that methods 
engineering must rest squarely on both science and art. 
Unbalance means inadequacy. So, to those who look at 
our work solely from the science viewpoint and sneer 
at the need for the artful touch, I suggest a careful self- 
appraisal of their actual position. ‘ 

The acquisition of the artful touch is not easy. It is 
said that some people are born with the ability to work 
harmoniously and effectively with fellowmen. That may 
be true, but no staff or department of a plant springs into 
being with such ability. Undoubtedly any existing staff 
was created by top management to meet a need. But that 
fact does not guarantee that the staff will effectively 
meet the need. Nor does it guarantee that the staff will 
acquire automatically the necessary artful touch. It re- 
quires study, plans and action. 

It is tempting to look at this problem in terms of the 
individuals who make up a methods engineering staff. It 
is easy to assume that given individuals with skill in 
human relations, the problem of the staff as an entity is 
solved. Yet under this assumption with training steps 
taken we have gone only half-way to what is necessary. 


ENVIRONMENT 


Actually, for the staff, we are concerned with creating 
and maintaining an environment within the staff and 
within the plant as a whole that facilitates, not hinders, 
the installation of methods improvements. It is an en- 
vironment that is characterized by a feeling of mutual re- 
spect between methods engineering and the other organi- 
zation segments of the plant. It is an environment where 
the true function of methods engineering is understood 
and all necessary outside assistance to problem solution 
is willingly offered without particular concern about the 
credit for the final solution. It is an environment where 
methods engineering is freely consulted by other functions 
where their work bears on the interest of methods en- 
gineering. Finally, it is an environment where the accom- 
plishments of the methods group are at least as well re- 
membered as the failures. 

I think I can guess what your reaction is to these 
specifications. Probably you have tagged them as ideals 
and impractical for full accomplishment. If so, you are 
right. But ideals are as necessary to a staff as is a com- 
pass to a ship. For the staff, like the ship, if you point 
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it toward the desired destination, you may have some 
troubles with the voyage, but you will at least have an 
excellent chance of approaching your desired destination. 

It is true that there are a number of factors that affect 
environment, Many of ‘them are interrelated. We can only 
touch on a few major ones as they concern a typical 
methods group of any plant. And in doing this we must 
remember that this group is in the plant because of top 
management direction to meet important needs. Further, 
we must assume for the methods group: 

1. That responsibility and authority are clearly specified and 
approved by all controlling and concerned elements of manage- 


ment 

2. That the short and long range needs to be met by the meth- 
ods group are established in order of priority, approved by con- 
cerned management and with provision for constant adjustment 
to fit eurrent conditions 

3. That an up-to-date plan of action is always available to meet 
the established needs 

4. That there is adequate competent technical personnel to 
carry out the plan of action 

5. That there is competent technical administration with means 
for sound assignment of work, follow-up and audit of results 

A methods group without all of these conditions of 
organization is basically deficient and there may be little 
purpose served by concern with environment. 

Psychologists tell us that environment associated with 
people is the result of two influences: that which we cause 
and that which is caused by others. Each influence is of 
course affected by the other. But it is possible and con- 
venient to consider each separately. 

The influence of the methods group in affecting environ- 
ment is by far the most important. Many factors affect 
this influence. Of those that might be cited, I propose to 
briefly discuss only three: 

1. Morale 

2. Flexibility 

3. Leadership 


MORALE 


I place morale first because it is the most important. 
Without morale there is little chance of sccuring the 
cooperation of others, of gaining respect and accom- 
plishing results. Morale is the prevailing mood and spirit 
conducive to willing and dependable performance and 
determined conduct despite difficulties. It is based on a 
conviction of being in the right and on the way to success 
with faith in the program. 

The methods group with morale is especially marked 
by a spirit of wholehearted cooperation in a common 
effort. The majority of the members are really enthusias- 
tie and dedicated to their profession. And their efforts are 
constantly pointed, on an undiluted basis, to the good of 
the company. 

Thus, morale rules out the building of a group empire. 
It rules out individuals who seek flashy individual per- 
formance and glory while neglecting the over-all needs of 
teamwork. It rules out those who are unwilling to build 
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up friendly constructive relationships throughout the 
plant on the basis of objectivity and integrity. 

The various plant groups, outside of methods, are quick 
to sense morale. And as psychologists point out they re- 
spond constructively with an attitude of respect. 

Morale must be worked for and earned. It never just 
happens. It is a kind of reserve that must be continuously 
replenished and strengthened. It cannot be built just 
when it is most needed. So, I suggest that each of you 
should be a student of the art of morale building and 
promptly take the steps necessary to practical applica- 
tion. 


FLEXIBILITY 


Our second factor is flexibility. All of the factors that 
influence environment are important, but here is one 
that is almost indispensable to success. Many an organi- 
zation has failed because it was not adaptable to chang- 
ing conditions or regarded its procedures as the only 
sound way. 

We spoke earlier about our technically competent su- 
pervisor with excellent organizational arrangements. You 
will recall that he was not fully satisfied with his efforts. 
Some of his trouble stemmed from his rather inflexible 
attitude which naturally was reflected by his group in all 
of their plant contacts. The procedures of the group es- 
tablished carefully at one time were ironbound and under 
these, solutions to proposed problems were considered to 
be the only right ones. As a result constructive thinking 
in light of new conditions was actually inhibited. Some- 
times solutions to plant problems were sound, but many 
times they were not when looked at from the view of 
prevailing conditions. So, the methods group was regarded 
by some in the plant as an impractical organization and 
by others as obstinate. And our supervisor finds his or- 
ganization working under a load of difficulties and attain- 
ing inadequate performance. 

The Aesop fable about the oak and the reed is pertinent 
to the problem of inflexibility. In the fable the oak, by 
resisting the wind is broken. The reed, flexing with each 
gust is still intact in the morning. 

There’s a difference between perseverance and ob 
stinacy. Like the oak in the fable, the obstinate organiza- 
tion is broken due to its inflexibility, even though it ra- 
tionalizes its attitude as being “strength of character” or 
a reflection of “sound engineering.” But the persevering 
organization steadfastly and soundly pursues its aims in 
spite of difficulties. 

A flexible organization is noted for its open-mindedness. 
It keeps its own thinking procedures soundly adaptable to 
current conditions. It is prompt to admit mistakes as a 
sign of maturity and bigness. 

If the attitude of a methods group reflects all these 
things it will gain the respect and cooperation of all 
groups in the plant. And it will be regarded as progressive 
with no assumed air of superiority. 
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So, there is real strength in flexibility. The manipula- 
tion of thinking, for its accomplishment is an art. And 
it warrants your best efforts. 


LEADERSHIP 


The third factor we want to briefly discuss is leader- 
ship. Here we arrive upon ground that has been frequently 
plowed and harrowed. Most often this subject is taken up 
with what may be called a “high level” approach. For our 
present purposes, we can note one major conclusion of 
this approach which is of considerable importance. It is 
simply that leadership if assigned is never really effective 
unless it is earned. And in-this discussion about leader- 
ship we are referring, of course, to the field of developing 
new methods for installation. 

For such leadership it is essential that the mannerism 
of the methods group and the personalities of the individ- 
uals making up the group be pointed toward building up 
friendly relationships with the departments to be served. 
This has to be done on the basis of objectivity and in- 
tegrity. Yet, sometimes this is a most difficult thing to do 
because the temptations for an engineer to rationalize 
conclusions desired by operators are great at times. Only 
a soundly oriented mental attitude and its consistent ap- 
plication makes it possible 

Leadership requires that the methods group be pointed 
in the direction of meeting plant needs in the most effec- 
tive manner. It is very easy for the group, and the indi- 
viduals therein, to yield to the temptation of riding pet 
projects or to serve the client who is most demanding with 
needs that are inconsequential. It is most tempting to 
forget maintenance needs in connection with past services 
to do more sensational things or to do things which come 
naturally without headaches. It is equally tempting to 
acquire a “paper work” attitude in which non-productive 
effort on paper becomes an end in itself. Other groups of a 
plant are quick to sense any yielding to these tempta- 
tions. When they do so, leadership may be lost and re- 
covered only with great effort. 

That brings us up to what is perhaps the most im- 
portant element of leadership. Most certainly, the meth- 
ods group must be creative and resourceful. Among other 
things it must bring in new applicable ideas from outside 
the company and serve as the catalyst in making them 
applicable. In doing this, the groups promotional efforts 
should be with a good sense of timing so as not to dissi- 
pate energy by being premature, or fail the company by 
being too late. 

Being creative and resourceful does require a group 
made of individuals with inherent ability. But its expres- 
sion requires receptive and outgoing minds and an atti- 
tude of the methods group that expects and cultivates 
creativeness and resourcefulness. This attitude when 
backed up by performance invariably commands respect 
throughout the plant and leadership is a natural result. 
The cultivation of a sound attitude for leadership, as with 
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morale and flexibility is an art which if neglected will 
lead only to a loss of professional status and ineffective 
performance. 


SUMMARY 


So there you have a brief story about three factors— 
morale, flexibility and leadership which I consider to be 
the most important considerations when we talk about 
the influence of the methods group in affecting environ- 
ment. And that brings us down to the influence on plant 
environment of others outside of the methods group. This 
is important because we know that others can favorably 
and unfavorably affect the environment in which we 
operate. 

It is a common complaint by methods engineers that 
“they”—speaking of course about everyone but them- 
selves—do not appreciate the real value of their services 
nor do they make use of their abilities in the proper 
fashion. Frequently in such cases, a magic formula is 
sought that will in one easy step create favorable atti- 
tudes throughout the plant. The formula used sometimes 
involves seeking executive rulings or a publicity and 
selling campaign. 

Of course it is important to have executive backing on 
basic matters. It may be necessary from time to time to 
conduct a publicity or selling campaign. It is essential 
that effective channels of communication be established 
and maintained. It is important that the methods group: 


1. Be forthright in explanations as to purpose of the work being 
done. 

2. Always give credit where credit is due. 

3. In all contacts with plant associates it is clear that an in- 
dividual is truly regarded as a human being—not as an inanimate 
object—and treated with dignity as a person. 


These things affect the attitudes of other groups in the 
plant. But the real answer to our basic problem must 
come from the methods group for a reason that I hope 
is almost self-evident by this time. 

The attitudes of other groups in a plant are in the main 
a reflection of the attitudes of the methods group. The 
respect shown for the methods group throughout the plant 
is mostly governed by demonstrated ability to meet plant 
needs. 

So, if we want a favorable plant environment it has to 
be earned. That is the hard fact. Under sound conditions 
of organization structure, the earning is done by our skill 
in establishing in the methods group attitudes of morale, 
flexibility and leadership. And all of this is art of a high 
order. We need more of it in methods engineering. 

Few artists in any field are born. Most must be made. 
The art in methods engineering, like any other art, must 
be developed by practice, by analyzing the success of 
others and by continuous conscientious study of our own 
situations. It is hard work. But the results can be ample 
reward. 
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Industrial Administration: Education 


for 1980° 


by G. L. BACH 


Dean, Graduate School of Industrial Administration, Carnegie Institute of Technology 


Over the past decade, it seems clear that two sig- 


nificant changes are occurring in Industrial Engineering. 
First, it has become less descriptive and how-to-do-it 
oriented, and more fundamentally analytical. This has 
involved greater introduction of statistics and modern 
mathematics, and many of the tools of “operations re- 
search.” Second, it has introduced more of a management 
viewpoint, especially in the production and manufactur- 
ing area, but extending beyond this. 

Over the same period, major modifications have been 
introduced at leading graduate business schools. These, 
too, have involved increasing emphasis on analysis in 
contrast to descriptive, how-to-do-it approaches, They, 
too, have looked increasingly toward fundamental train- 
ing for management, in contrast to narrow specialization 
in the particular functional fields of business. 

At a few universities, a new approach, often called 
“industrial administration” or “industrial management,” 
has been taken. It begins without the ties to the past of 
either Industrial Engineering or business administration, 
and builds directly on the presumption that the major 
goal is to train men for managerial responsibilities in the 
world of 1980—where the role of careful, rational analysis 
will bulk large, where management will increasingly need 
to utilize effectively modern technology, and where man- 
agerial problems will be ever changing, and far different 
from those we recognize today. 

My purpose is to present the rationale underlying one 
such new program in industrial administration—the 
Graduate School of Industrial Administration at Carnegie 
Tech—and briefly the educational approach to which it 
has led. I do not wish to imply, of course, that this is 
“the” kind of education for the future. But, I venture to 
hope that it may be of some interest to you, particularly 
as it relates to the changing nature of Industrial Engi- 
neering. 


TRAINING FOR CHANGE 


My first proposition is that the universities are train- 
ing men for the world of the 1980’s, and that we ought to 
* Based upon a presentation to the Industrial Engineering Sec- 


tion of the American Society for Engineering Education in June, 
1959 
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face up to this fact. In 1980, most present college students 
will be only about 40, with over half of their professional 
lives still before them. To train men primarily for the 
1960's is to miss most of the problem. To focus even on 
the 1970’s is to concentrate on the first quarter of our 
students’ professional careers. The world of the 1980’s— 
terrifyingly far away as it may seem—thus provides a 
goal only about midway through the careers of our pres- 
ent students. 

When our school of Industrial Administration was es- 
tablished in 1949, we spent a year trying to face up to 
this fact. We talked to everyone we could find, we looked 
at professional education in widely differing fields, and 
we read. What were our conclusions? 

First, although no one knows what the industrial world 
of 1980 will look like, I am sure of one thing. It, and the 
rest of the world, will change greatly over the next quarter 
of a century. Edward Teller, the famous physicist, has 
stated recently that in the century since 1850 man has 
roughly doubled his knowledge of the world and of man- 
kind in the world. While any such observation must be 
extremely rough, it suggests the enormous accumulation 
of knowledge that has been taking place in the last three 
centuries. If Teller is right, in knowledge of human be- 
havior we will learn more about man and his behavior 
in the next century than in all previous history. Today’s 
newspaper accounts of fantastic space age developments 
make this prediction increasingly believable. What most 
people don’t realize is that a similar explosion may be 
under way in our knowledge of man and his managerial 
behavior. 

Given the certainty of change and the uncertainty of 
its direction and outcome, it seems to me clear that we 
must place central importance on our university training 
—for administration in industry, as elsewhere—on stu- 
dents’ thought processes and not on particularized sub- 
ject matter. In such a world, surely anything we can do 
to develop flexibility of mind, openness and receptivity 
to new and changing ideas, habitual skills in learning for 
oneself, and other such mental characteristics, must 
promise more usefulness to the individual and to society 
over the quarter century of change ahead, than would 
comparable attention to descriptive information about to- 
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day’s institutions and today’s best industrial practice. It 
suggests equally that we must emphasize fundamental 
analytical tools, reaching for those of broad and general 
applicability, with emphasis on how to use them effec- 
tively in widely varying situations, rather than on de- 
tailed particular skills and techniques. 


DIRECTIONS OF CHANGE 


This is the main conclusion we reached. But beyond 
this, I suggest that we do have a good deal of evidence 
about some of the major directions of change. What are 
some of these? 


1. Management will become ever more rational and analytical, 
ind the role of “hunch” and even “informed judgment” will be- 
come steadily smaller as the years go by. Mathematical program- 
ming, queueing theory, statistical decision theory, and other such 
tools will be commonplace in the industry of 1980, and the effec- 
tive manager will have to know how to use them, just as he must 
now know how to use the contributions of modern engineering and 
science. To focus too heavily on particular analytical approaches 
would be a mistake, The critical change will be the 
increase in the clarification of the variables that need to be con- 


however 


sidered in making industrial decisions, the increase in the use of 
carefully obtained quantitative information as to these variables, 
and the increase in the use of rigorous analysis in weighting and 
combining the variables involved. We all know that in some vague 
intuitive way this is what we must be doing when we make deci- 
sions now. The change I am predicting is, therefore, one of clari- 
fying and bringing to the surface the variables and implicit logical 
models our minds must now be using in decision-making, plus a 
big improvement in the logic of the models and their methods. 

I want to emphasize that I am not referring merely to decisions 
in the production and manufacturing areas, where such methods 
have thus far been most generally applied. One of the biggest 
advances is, I believe, going to be the extension of such thinking 
throughout the entire range of management decision making. 

2. Increased emphasis will be placed on the job of management, 
or administration, per se, especially in the bigger companies 
Management must make decisions, and it must get the decisions 
(plans and policies) carried out effectively. The need for effective 
administration, per se, has been emphasized many times in recent 
vears, and there is no need to labor it here. It is related to the 
growing size and complexity of business in all of its elements, to 
the greatel! need for conscious planning and control, to the grow- 
ing difficulties of communication in large and complex organiza- 
tions, and so on. It means less and less willingness to assume that 
good managers are just born and that there is nothing to do about 
it except let them develop as they will 

3. The social responsibility of the corporation and of the busi- 
nessmen in it will bulk ever larger in the day-to-day life of most 
business firms. Explicit interest in the public good as a legitimate 
and important immediate goal of business behavior will continue 
to grow, in contrast to any simple emphasis on short-run profit 
maximization. Business will participate in a conscious fashion to an 
increasing extent in the social-economic processes of our demo- 
cratic society. Business will be judged by the community increas- 
ingly on the way in which it participates in these processes, as well 
as on the older criteria of production and price. The role of the 
manager, therefore, will increasingly be that of a man with many 
masters, and it will behoove him to be sensitive to the pulse of the 
whole community, not merely to what goes on inside his factory 
walls. He will become increasingly a coordinator of diverse in- 
terests and “pulls” in the modern firm and in modern society- 
in contrast to simply being “the boss,” responsible merely to a 
small group of stockholders 
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EDUCATIONAL OBJECTIVES 


To us, this analysis pointed strongly toward educa- 
tional focus on the development of individual abilities 
to think, to adjust, and to learn independently in a world 
of change, after leaving the campus. It emphasized, cer- 
tainly for men who will rise to managerial positions, the 
importance of becoming prepared to make and implement 
decisions on unknown problems, wit’: unknown, yet-to-be- 
developed analytical tools. Our basic educational objec- 
tive, we said, would therefore be to help each student 
acquire for himself: 


1. Competence in the orderly, analytical exploration and han- 
dling of problems. Ability to identify, to size up, and to deal 
effectively with problems wherever they arise is the mark of the 
able professional man in any field. Development of an habitually 
orderly, rational approach to problems, in whatever area they arise, 
is a major goal of our educational program. This competence does 
not come automatically; it can be taught. 

2. Thorough and integrated understanding of fundamental 
knowledge in industrial administration. The educational program 
emphasizes thorough knowledge, and effective use of that rela- 
tively small amount of fundamental knowledge which has general 
usefulness and applicability. This approach emphasizes the job of 
using basic concepts and principles in defining and handling prob- 
lems—in contrast to trying to memorize “answers,” detailed tech- 
niques, and rules of thumb, which are apt to be of little value 
when new problems arise in the future. These fundamental tools 
should be drawn from wherever they are available—mathematies, 
engineering, business, economics, the behavioral sciences. In a 
world of rapid change, unless the administrator has a firm grasp 
of fundamental knowledge, concepts, and principles, to serve as a 
framework in analyzing and handling diverse problems, he will 
be lost in a maze of facts and details. 

3. The habit of learning from experience, including habitual 
receptiveness to new ideas and new ways of doing things. No 
school can teach more than a small portion of what the successful 
professional man must know; the rest he must learn for himself 
through life. In the modern world of rapid change, the man who 
does not continue to learn and grow is soon consigned to routine 
tasks. To grow he must observe, listen, and read widely and per- 
ceptively, constantly adjusting his thinking and practices in the 
light of what he learns. 

4. A basis for dealing effectively with other people, both in 
person and through written communication. In modern industry, 
as in every other phase of modern life, ability to work effectively 
with other people is perhaps the most crucial of all skills. Ad- 
ministrative policy is made and carried out by individuals, work- 
ing as parts of groups. Thorough understanding of human nature 
and of individual motivation in group relationships is increasingly 
essential for successful formation and execution of administrative 
policies. 

5. Thorough understanding of the economic, political, and social 
system in which he lives and in which industry operates. As a 
man moves upward in industry, he becomes increasingly concerned 
with the relations between his business and the outside world. 
Business cycles, labor unions, political developments, taxes—such 
forces exercise powerful influence on him and on his firm. On 
grounds of both professional administrative training and responsi- 
ble citizenship, genuine understanding of the over-all economic 
and social system is essential, parallel to the training for internal 
management of industrial affairs. 

6. Independence of thought and maturity of character. For 
future managerial growth and for responsible citizenship, each man 
must develop an ability to reach conclusions for himself on a 
carefully reasoned basis. As a foundation he must develop his own 
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set. of moral and ethical values, and he must recognize the need for 
working constructively with others who hold different sets of 
values. Only such a set of personal and social values can provide 
the foundation of which true independence of thought and ma- 
turity of judgment can rest 


It will be clear that this list of fundamental objectives 
could, with little change, be applied to most other areas of 
professional education, and this is as it should be. But 
the fundamental analytical tools developed, and the prob- 
lem areas investigated, differentiate training for industrial 
administration from that in other professional fields. 


EDUCATIONAL PROGRAM 


What kind of educational program can develop these 
abilities? Carnegie’s Graduate School of Industrial Ad- 
ministration provides a two year M.S. program in Indus- 
trial Administration specifically for men with under- 
graduate backgrounds in science, engineering, and mathe- 
matics. Each year we accept about fifty such men, mainly 
headed for managerial careers in industry, where com- 
bined training in engineering-science and in management 
is inereasingly in demand. For this group, we have de- 
signed the following program. Remember, in this deserip- 
tion of specific course areas, that overriding emphasis is 
placed on the six fundamental obiectives indicated previ- 
ously. Decision-making and getting decisions carried out 
effectively, plus the tools needed to achieve these goals, 
provide the organizing focus for the curriculum. 


FIRST-YEAR PROGRAM 


The first-year program contains three foundation stems 
and the beginning of application to the functional areas 
of business 


1. A foundation stem—‘“the administrative process and human 
behavior” (the behavioral sciences). This stem looks in detail at 
the firm as a going organization, and at the behavior of human 
beings as individuals and as groups in it. It draws heavily on the 
analytical concepts and approaches of the “behavioral sciences,” 
as well as upon what we are beginning to build up in the theory of 
administration, in understanding these processes. It is concerned 
not primarily with the traditional descriptive aspects of business 
firms, but with analytical tools designed to help understand in- 
fluence processes, motivation, communication processes, and so on 
in the organization. It is basically a tool stem, but there is heavy 
emphasis on getting students to apply these tools for themselves in 
analyzing business situations of all sorts. Unfortunately, the be- 
havioral sciences as they now stand do not provide a large reser- 
voir of immediately useful analytical concepts and models. But 
there is much there, and more every year. There is still a big job 
ahead in reforging many of the tools and in building new ones, 
cooperatively with behavioral scientists, to develop this stem from 
the modest level at which it must now operate to the crucial posi- 
tion it will surely have as the years go by 

2. A foundation stem—‘quantitative methods and mathema- 
tics.” This stem deals with the use of figures in business decision- 
making and control. It provides new tools of modern mathematics 
to the extent they are needed, and builds heavily on the available 
tools of accounting and statistics. The emphasis is not on training 
accountants or statisticians or mathematicians. Rather it is on the 
use of these disciplines to help make good managerial decisions 
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and to implement them effectively. With the backgrounds our 
students have in engineering and science, it is possible to move 
rapidly in these areas and to make use of many of the modern 
developments which would not be feasible for regular business 
school groups. Here, as with the behavioral science foundation 
stem, there is much work to be done in shaping up the tools of 
modern quantitative methods so they will be most effective for 
managerial decision purposes. 

3. A foundation stem —‘economic analysis and the environment 
of business.” Here intensive attention is given to the analytical 
tools of both micro- and macro-economics. Again, the goal is not 
to train men as professional economists, but to see that they have a 
good grasp of the central analytical concepts of modern economics 
in both areas—the behavior of the business firm as an individual 
unit in the market economy, and the over-all processes of eco- 
nomic growth and fluctuations. Attention is focused both on mana- 
gerial applications of these tools and on understanding the func- 
tioning of the entire economic system. Repeatedly, for example, on 
the problem of investment decisions, students are placed in a posi- 
tion of looking at the same situation from a managerial decision- 
making point of view and from the point of view of its relationship 
to over-all economic development 

4. The functional fields of business. About three-fourths of the 
time in the first year is devoted to the three stems above. But 
students cannot learn to use analytical tools effectively without 
using them. In business, the so-called “functional fields” (produc- 
tion, marketing, and finance) provide the major problem areas 
for the exercise of decision-making and tool-using ability. Our 
conception is that these fields are essentially applied problem 


areas 


Take the production area as one example. Here we 
want the students to get a good exposure to the major 
types of problems faced by modern business in the whole 
area of production. In looking at these problems, we ex- 
pect him to pick up a good bit of information about the 
modern world, but this is not the primary objective. 
Mainly he is asked to analyze problems in the sub-areas 
of the production function, bringing to bear the tools he is 
learning throughout the rest of the curriculum. There is 
not yet in the production area a cohesive discipline of 
analysis and organized knowledge, and we believe that 
many of the analytical tools needed can be provided by 
the three foundation stems above. For example, the mod- 
ern developments in inventory control and production 
go back to mathematics and central concepts of economic 
theory. Getting satisfactory work levels out of produc- 
tion employees is much the same problem as for any other 
class of employees—here the tools of the behavioral sci- 
ences can help in understanding human motivation and 
response to different types of incentives and pressures. 
Good analysis of a plant layout problem requires under- 
standing of engineering considerations, economic con- 
siderations, and of human considerations, and in all of 
them information comes largely in quantitative form. An 
optimal plant location decision requires, again, analysis 
using all the above tool areas, unless one is prepared to 
go by the old “hunch” procedure. 

We approach the functional areas of marketing and 
finance in much the same way. But a reminder: In the 
first year, all these three functional areas together get 
only about a quarter of the total time—about the equiva- 
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lent of a one-semester course in each, if you want to 
chop it up that way. 

In summary, the first year is devoted mainly to foun- 
dation building, with a strong introduction to the methods 
of orderly problem-solving behavior; and to an intro- 


duction to the major functional areas in business largely 


through repetitive problem solving involving integrated 
use of the analytical tools and methods being learned 
concurrently. 


SECOND-YEAR PROGRAM 


The second-year program is built directly on the foun- 
dation of the first. About one-half the program is re- 
quired, the rest elective. 

1. A required full-year course—“advanced business and engineer- 
ing economics.” In this course we make heavy use of the strong 
quantitative and engineering backgrounds of the men in the pro- 
gram. This is largely a problem-oriented course, with stress on 
both learning some of the new analytical approaches and actually 
using them in handling problems. All students learn to program 
ind use the digital computer on managerial applications. Linear 
programming, quadratic decision rules, and some advanced mana- 
gerial economics are customarily included, although the exact 
course coverage varies from year to vear. Further mathematics, 
for example some set theory, is taught as the students need it to 
handle the problems they are given. A major problem in the 
course each year involves going out into industry to handle a 
“real world” situation 

2. A required full-year course—“administration and business 
policy.” This is what the title implies—an integrating, problem- 
oriented approach to a wide variety of business policy problems, 
mainly at the upper management level. The first half of the course 
is devoted to the modern theory of organizations and administra- 
tion, building especially on the behavioral science stem of the first 
vear. This is followed by intensive use of business policy cases, 
designed to integrate the various functional fields of business in 
making company-wide 
effectively 


veloped at Carnegie, 


lecisions and getting them carried out 
It also includes a new complex “business game,” de- 
which the students play through the entire 
semester, using the computer 
handle the production, marketing and 
financial areas of the firm underlying the decisions made in the 
game, as well as the simple quick decisions ordinarily called for by 
urrently used “business games.’ 


In this, competitive teams must 
sub-problems within the 


3. A require d half- or full-year course “ideas and social change hed 


This course stems from the 


propositions above concerning the 
likely future role of business and the businessman in a rapidly 
changing democratic society. Its goal is to provide perspective 
on the entire process of social change and of the shifting role of 
business in that process. Some semesters the course is focused on 
periods where modern business is intimately involved; other times, 
entirely different periods of change are analyzed. In all cases, the 
hope is that the student will begin to understand these processes 
and to improve his ability to live and lead effectively in tomor- 
row’s world of rapid change 

4. The 


ments 


est of the second-year curriculum is elective. Two com- 


First, there is a restriction that no student can take more than 
one full year of advanced work in any of the special functional 
areas—production, marketing, and finance. This much specializa- 
tion (about a year and a half of course work in a special area) 
seems to us to be enough to get the man well prepared to do good 
work when he takes a specific job on leaving the School. Most of 
his time in graduate school can be better spent building more 
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fundamental tools than in accumulating more particularized 
knowledge, which I suggest is the main result when more time than 
this is spent in any one of the functional areas. 

Second, in the elective courses available, we are placing stress 
on what we hope will be fundamental tools—analysis of small 
group behavior, advanced statistical analysis, modern mathematics, 
managerial economics, modern data processing, and so on. 


At the end of the second year, our hope is that the 
graduate has a thorough foundation for long range ad- 
vancement in management, and also a sound foundation 
to take on a job and do it well promptly on entering in- 
dustry. Most important, we hope he has the tools and the 
frame of mind to learn for himself as the world changes 
and as he faces different problems ‘from field to field and 
from firm to firm. 


RELATIONSHIP OF LA. TO LE. 


What is the relation of industrial administration, so 
conceived, to Industrial Engineering? 

First, Industrial Engineering is frequently focused on a 
particular functional area of business (the one we call 
production), while industrial administration, at least as 
we conceive it, is essentially training for general manage- 
ment combined with training for engineering or science. 
This means that industrial administration, in our con- 
ception, is essentially a graduate program which presumes 
that the man already has a sound foundation in engineer- 
ing-science. Parenthetically, we find that students from 
good Industrial Engineering undergraduate programs are 
well ahead of the game in the production area, and thus 
have more time free to push ahead either at a more ad- 
vanced level in production or in other areas, But they are 
not usually much farther along than other strong engin- 
eering and science students in the other foundation areas. 

This difference in breadth of objective and of back- 
ground is the major difference between I.E and 1.A. as 
we see it. I should suppose the difference would stand out 
more strongly in comparing our graduate I.A. program 
with a graduate program in I.E., where there tends to be 
increasing depth in one special area of production. We 
believe—though of course we may be wrong—that the 
foundation a man gets in the I.A. program is about opti- 
mal for his going into the various jobs in industry that 
point toward management, in contrast to technician-type 
jobs. If a man wants to have a career in, say, operations 
research, we advise him to go on to the Ph.D. program, 
where he can push more deeply into the technical aspects 
of operations research in application to industrial prob- 
lems. 

How do we make use of the special abilities of men 
from mathematics, science, and engineering? In much the 
same way as a strong program in Industrial Engineering 
might do: 


1. Throughout, we capitalize on the strong aptitude of the men 
in quantitative method and their ability in abstract thinking. In 
the quantitative methods area, we put major stress on modern sta- 
tistical analysis, especially statistical decision theory. 
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2. We use their mathematics, and build in some further train- 
ing in mathematics that would be completely out of the question 
for non-engineering-science-oriented people—some modern alge- 
bra, matrices, advanced calculus—ahd stress the use of these math- 
matical concepts in managerial analysis. 

3. All students learn to use our digital computer, and we expect 
them to actually use it, including programming it independently, 
on come project. 

4. In the production and managerial economics areas especially, 
we push the men faster and further than would be feasible in a 
business schoo] graduate program. 

5. All students are thoroughly exposed to the modern techniques 
that are often called “operations research”—mathematical pro- 
gramming, game theory, queueing theory, and so on, especially in 
the required second-year course in “Advanced Business and En- 
gineering Economics.” There is a chance for those who want to go 
on further to do so. 

6. We make increasing use of “business games” as teaching 
devices, especially in the business policy area but also in the 
functional areas of business. For example, students in the advanced 
production courses have developed a complete business game of 
their own, which has forced them to clarify and quantify all the 
major inter-relationships in the decision-making process in the pro- 
duction area. 


The differences between industrial administration and 
Industrial Engineering may be substantial. But they 
surely shade into one another, and they have much in 
common. 


CONCLUSIONS 


Does the development of industrial administration pro- 
grams at the graduate level, for engineering graduates, 
have useful implications for undergraduate teaching? 
Though I do so with humility, since I am not an engineer, 
| suggest that much of what I have argued above is 
applicable to undergraduate teaching in Industrial En- 
gineering or in a special program designed to combine 
training for management and engineering. Increasingly, 
Industrial Engineers will need to understand the total 
management problem to do a good job, as they move 
from narrower tasks like time and motion study and 
plant layout to broader tasks such as decision rules for 
entire production processes. Modern research has demon- 
strated conclusively that optimum inventory control and 
production scheduling policies can only be arrived at 
with full understanding of demand and marketing con- 
ditions. Much can be accomplished by sub-optimizing, 
but eventually managerial decisions must take into ac- 
count the inter-relations among the many functions and 
activities of the business. As this occurs, the case for 
broader training for Industrial Engineers, encompassing 
an integrated approach to management education some- 
thing like the one above, will become increasingly rele- 
vant and important. 

At the undergraduate level it is clear that the pace 
would have to be much slower than I have implied above, 
and that more stress would have to be placed on helping 
the student to learn and apply the analytical tools he 
uses. Clearly, the less mature man, even though he is of 
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high ability, has a harder job using abstractions and see- 
ing how they can be utilized in handling real world prob- 
lems. 

But two other criticisms must be faced, if one takes 
seriously the kind of teaching implied above for under- 
graduates. 

First, is the typical undergraduate high enough in 
ability to benefit from such general, problem-solving edu- 
cation? Even if we recognize that the typical undergradu- 
ate is unlikely ever to be president of General Motors or 
of anything else, the rate of obsolescence of particularized 
knowledge and particularized training is so great that the 
more fundamental type of training still seems clearly 
better for him—even though he gets less out of it than 
would the more advanced, higher quality student. Why 
should we fill his head with knowledge that will be largely 
out of date in a few years, and of which, from all the 
studies we have, he will remember very little indeed in a 
few years anyhow? Worse, if he does remember it, the 
answers he has memorized today are likely to be wrong 
for the different problems of tomorrow, whether they be 
answers on how to schedule production, how to organize 
an accounting department, or how to set market quotas. 
After scaling down final performance aspirations drasti- 
cally from the graduate level, my own conclusion is that if 
we cannot count on the average student’s getting more 
out of a reasonably fundamental program than out of a 
detailed descriptive program, we should reexamine our 
entire concept of university education in the scheme of 
things. 

Second, the related criticism that a typical undergradu- 
ate will probably be a specialist all his life and ought to 
be trained thoroughly in some specialty so at least he can 
do that well. It certainly is true that many of our under- 
graduates will not even achieve middle management posi- 
tions, although I am doubtful that we can always pick out 
which ones will move up and which ones will not. But 
assume that a man probably will remain a specialized 
person. First, the evidenct is clear that he is likely to end 
up being a specialist in a different area than the one he 
picked for specialization in college. This casts doubt upon 
highly specialized training. 

More fundamental is the main point made above that 
highly-specialized training is not the most useful train- 
ing even for the specialist. To check this point, go back 
and read the Industrial Engineering textbooks of twenty- 
five years ago, and see how much that is there you would 
want a good Industrial Engineer to use as his main set of 
tools today. At that level of detail, it may well be that 
today’s best Industrial Engineering practice wil] do as 
much harm as good if it is used exactly twenty-five years 
from today. In conclusion, I suggest that a careful look 
backward and ahead provides an overwhelming testi- 
monial to fundamental and generalized, as contrasted to 
highly specialized, college training in Industrial Engineer- 
ing, and in industria] administration. 
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VEC BUILDING FACTS — 18 stories high... 
263,067 sq ft, gross, and 179,885 sq ft, net, 
almost twice as much net space as in the 
present 39th Street building ...auditorium to 
seat 450 people ...the worid’s most complete 
engineering library... the Engineering index, 
the most comprehensive indexing and ab- 
stracting service for engineers...central serv- 
ices to avoid duplication of costs... Archi- 
tects: Shreve, Lamb & Harmon Associates... 
Structural engineers: Seeyle, Stevenson, 
Value & Knecht... Mechanical and electrical 
engineers: Jaros, Baum & Bolles...Contractor: 
Turner Construction Company. 


THE FUTURE HOME OF THESE 
ENGINEERING ORGANIZATIONS 


American Society of Civil Engineers 
American Institute of Mining, Metallurgical 
and Petroleum Engineers 

The American Society of Mechanical Engineers 
American Institute of Electrical Engineers 
American Institute of Chemical Engineers 
American Institute of Consulting Engineers 
American Institute of Industrial Engineers 
American Society of Heating Refrigerating 
and Air-Conditioning Engineers 

American Welding Society 

iuminating Engineering Society 

Society of Women Engineers 


Engineering Index, Inc. 
rere = toe > 


Engineers’ Council for Prof De 





Engineers Joint Council 
United Engineering Trustees, Inc. 
Welding Research Council 


UNITED ENGINEERING CENTER 


COMING! And indeed it is coming — the new United 
Engineering Center, the beautiful building as shown, 
in color, on the reverse side. 


Commencement of construction in early fall, 
1959 ... Completion of construction by 
March, 1961... Ready for occupancy by July, 1961... 
these are the target dates for the new building. 


The New United Engineering Center will rise and 
stand as a monument to a proud and noble 
profession. Just as its near neighbor, the United Nations 
on United Nations Plaza in New York City, 
stands as a symbol of world co-operation, the new 
United Engineering Center will stand as a symbol 
of engineering unity and co-operation in the 
United States. It will be the greatest center for engineering 
interests in the world. It will be a structure in 
which every engineer will have justifiable pride. 


There is no question that the building will be built. 
But the drive for funds cannot be allowed to slow 
down. This message reaches you at a time 
when we have just passed the three-quarter mark in our 
fund campaign. The home stretch — and victory in 
this united drive — lie in the weeks ahead. 


Now is the time for all campaign workers to make 
sure that all members of each section have at 
least been contacted. It is the time for all sections of all 
societies to strive for 100 per cent completion 
of their quotas. It is the time for those sections 
which already have reached their money goals 
to keep trying for 100 per cent membership 
contributions. 


And it is also the time for those engineers who already 
have contributed to ask themselves: “Have I done 
my part? Have I given to the best of my ability?” 
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THE INDEPENDENCE OF PACE RATING VERSUS WEIGHT 
HANDLED, by C. B. Gambrell, Jr., Journal of Industrial Engi- 
neering, July-August, 1959. 


WAS GAMBRELL’S ROCKET FUELED WITH EXOTIC STATISTICS? 


Gambrell claimed to have established the following conclusion, 
“One should reject the hypothesis that Ratings Made by 
Skilled, Thoroughly Trained, and Practicing Time Study Analysts 
Using Pace Ratings Are Not Influenced by Job Difficulty.” He 
goes on to claim that he has established that Weight (per se) and 
Size (per se) have a significant effect upon ratings made in this 
While disclaiming any attempt to relate his so-called 
“statistical significance” to “practical significance” (see his conclu- 
sion 6) he does indicate under his results; “Therefore, this raises 
a question concerning the use of weight as a separate adjustment 
category. To do so assumes that the analysts are not already cor- 
recting, at least in part, for weight in their pace ratings.” 

Such definitive conclusions as are offered, call for a careful 
study of the data concerned, in order to determine the validity of 
such statements, particularly when made without qualification or 
limitation 


manner 


As will be shown, the data do not really support his conclusions 
but indicate primarily gross errors in statistical inference, dubious 
adventures in curve fitting, and an apparent failure to recognize 
the data’s more obvious import 

Gambrell’s experimental design was factorial in that several 
variables were altered simultaneously. The basic method of statis- 
tical analysis chosen was appropriate for these data. 

Some notes concerning such an “analysis of variance” are in 
order. This type of statistical treatment was originally devised by 
agricultural experimenters who had to determine the effect of var- 
ious varieties, soil treatments and the like, simultaneously and 
could not either assume independence of the variables or maintain 
conditions constant while one variable was experimentally altered. 

For instance a group of fields might each be divided into sub- 
sections and subsections in each field planted to various varieties, 
and different soil treatments and fertilizers given to various plots. 
The analysis of variance was devised to determine in which group 
of plots apparent non-chance cause differences occurred and iden- 
tify the apparent cause. For instance, four soil treatments A, B, C, 
ind D may have been used. The analysis of variance for soil treat- 
ment, if significant results are obtained, will indicate a significant 
umount of variance from “soil treatment.” This does not mean A, 
B, C, and D are all different—only that at least one treatment 
ippears to be different more than chance variation would lead us 
to expect. For instance, soil treatment (A) may have consisted of 
plowing in pure white sand; (B), pure brown sand; (C), pure 
gravel and (D), 10-10-10 commercial fertilizer. Because the analysis 
of variance indicates a significant difference from “soil treatment,” 
this would not permit one to conclude that all treatments had an 
effect and represented a continuum of some “treatment” variable. 

I have gone in detail in the analogy so as to have a fresh view 
for examining Gambrell’s data. The variable of weight, for plant 
A, shown as significant at the 1% level, does not mean that the 
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continuum of weight (he used boxes of 5, 10, 20 and 40 lbs.) all 
affected the ratings. If one weight had an apparent non-chance 
cause effect, this result would have ensued. It is still necessary to 
examine the various weights used and determine (among other 
things) : 


a. Which weight or weights affected the rating. 
b. The magnitude of the effect. 


I have taken the raw data from his thesis for Plants A and B 
and averaged the ratings by combining the ratings given all four 
sizes of boxes ‘and all four paces, for each weight. The following 
means result: 

Weight Gambrell’s Plant Plant 
symbol A B 
5 Ibs. W, 68.1 723 
10 Ibs. W: 716 752 
20 Ibs. W; 69.6 74.1 
40 lbs. Ww, 67.0 73.0 


In his “results” under “weight” Gambrell goes on to point out that 
weight (he uses this term per se) had a significant effect at Plant 
A but not at B and continues; “the weights which affected the 
analysts most, thus causing the significant difference, were five 
pounds versus ten pounds and ten pounds versus forty pounds.” 
This is a most misleading way of saying that the ratings given the 
ten pound weight were significantly different from those assigned 
the five pound and the forty pound weights but the ratings as- 
signed the five pound, twenty pound and forty pound weights were 
not significantly different. He is compounding the error when in 
his results section, he talks about a curve (fitted to four points, 
three of which are not statistically significantly different) with “the 
apex of the function at the ten pound weight.” 

Gambrell is apparently unaware that statistical significance does 
not prove causality. Like the fertilization treatments referred to 
earlier, one significant point in what is presumed a continuum does 
not establish the validity of the assumption that the imposed “con- 
tinuum” is per se, the variable. Indeed, in the case of weight, one 
would suppose that if ten pounds created an error, twenty pounds 
and forty pounds would create more error. An examination of the 
data reveals this is not so. The continuum is not what Gambrell 
claims and we must seek more appropriate conclusions. 

Three conclusions are possible from Gambrell’s data, none of 
which resemble the one he offers. These conclusions are: 


1. Weights of 10 pounds affect the pace ratings significantly as 
compared with weights of 5 pounds, 20 pounds, and 40 
pounds, the last three weights not having any significantly 
differential effect upon ratings. 

. Some peculiarity existed in the handling of the ten pound 
weights as filmed. 

. Some unknown but non-chance cause affected the ratings of 
scenes including the ten pound weight. 


Conclusion 1 should disturb any researcher in that it suggests a 
unique relationship between one weight and pace ratings for which 
no reasonable, logical explanation seems available. On the other 
hand, Gambrell states that the scenes of each weight were filmed 
in sequence; all W. (10 pound) scenes were filmed at one time. 
That they contain some unique characteristic, (not related to 
weight) as suggested in Conclusion 2 is far from being ruled out. 
If the worker varied his motion path or distance some small 
amount between the filming of W; and W, this would cause this 
result. It must be borne in mind that the objective rater accepts 
method (in all its ramifications) as established for rating and even 
if the time for each W. performance was the same as equivalent 
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scenes of W., W;, and W,, but the path of motion was slightly 
longer, the rating would be higher. Other differences imposed in 
filming could affect rating of W, scenes without disturbing the 
tenability of the hypothesis Gambrell was testing. It is worth 
noting that even though weight did not include a significant differ- 
ence at Plaht B, the average rating assigned W. was higher than 
for W,, Ws and W,. Indeed, if Ws was eliminated at Plant B (and 
this was not in Gambreil’s quoted significances at Plant A), it is 
not unlikely that W. might again show significance. At any rate, 
because of a statistically significant difference, attributable to one 
weight at one of two plants, Gambrell concludes that Weight per 
se is a variable in rating. This is a wild order of statistical infer- 
ence. Conclusions 2 and 3 are certainly more tenable, more in 
keeping with the data although, unfortunately, less dramatic 

The earlier remarks of Gambrell concerning the correctness of 
an adjustment for weight are also most interesting when examined 
in the light of his actual data. The average ratings assigned W; in 
Plant A were 2% more than those assigned W; yet this difference 
was not statistically significant. Hence, we may say that the ratings 
assigned W, (whatever caused the difference) were less than 2% 
more than chance alone would cause us to expect. The actual diffi- 
culty adjustments commonly used for the weights involved are at 
least (compared to moving zero weight) for 5 Ibs, 4% ; 10 lbs, 11%: 
20 Ibs, 21% and 40 Ibs, 37%. (See Journal of Industrial Engineer- 
ing, July-August, 1957, page 237, which contains more recent data 
than Gambrell quoted.) To question these and to claim time study 
men may be correcting in part because one weight at one plant 
received a rating (for some unexplained reason) of less than 2% 
more than we would expect, is indeed inference of a peculiar order 
and highly gratuitous 

But we have not finished. Gambrell’s inferences concerning size 
are even more tenuous. The following are the mean ratings given 
each size of box at each plant, combining the various weights and 
paces for each size: 


Size Gambrell’s Plant Plant 

symbol A B 

8-%” x BT” x 8-14” s 68.4 728 
9-%” «x 19” « 6” 8 68.6 723 
10” « 12” « 13-%4” ; 703 76.0 
11-%”" « 18” « 12-%” Ss 69.1 73.5 


Gambrell says, (in his results) “The presentation of different size 
containers did not influence the ratings of the analysts at Plant A 
but did at Plant B.” Note the assumption of a continuum! He 
further fumbles a most reasonable answer when he notes, “box 
number three was the only one of the four boxes which was higher 
than it was long or wide. The height feature of this particular box 
may account for the adverse influence which its size had on the 
pace ratings.” 

Neglecting the weakness of conclusions founded on data signifi- 
cant at the 5% level (we should get such data 1 out of 20 times 
by chance and we do have 16 weight and size means) let us ex- 
amine what conclusions are actually tenable with these data: 


1. Boxes of size 8; significantly affect ratings as compared to 
boxes of size S,, S: and S,. 
The height of box 8S, caused a slightly longer motion in clear- 
ing the side of the box and reaching the grasping location. 
This longer motion, performed in the same time as the 
shorter motions for boxes S; and 8, was detected by the 
analysts at Plant B and apparently assigned a higher rating 

as it should have. The same effect is suggested from the 

data from Plant A but the error term is too large to permit 
this to be definitely ascertained 
Some unknown, non-chance cause affected the data from 
size 8, 


Even conclusion 1, which is as far as Gambrell should have gone, 
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had he insisted on going in the same direction as his definitive 
conclusion, but stopped at a more appropriate point, is hardly 
tenable nor is it proof that size was a continuum. Refer to the 
dimensions if you want to appreciate this, particularly since Gam- 
brell in his “results” attributes this to “the cubic effect of the 
relationship of sizes presented” and in his complete thesis actually 
fits a third order equation to the ratings versus the cubage of 
four boxes, even though three of the four points are not statisti- 
cally significantly different. Of this relationship, Gambrell says: 
“Analysis of this relationship revealed that it is probably a unique 
one for the particular size boxes used and extrapolation of the 
function would be risky.” Even this statement should be rephrased 
to read, “Is a unique one for the specific values of the data (dis- 
regarding the reliability of individual values) and giving credence 
to the apparent relationship would be erroneous. A third order 
equation can be fitted to almost any four points and presumes a 
remarkable theoretical explanation.” 

Certainly conclusion 2 just given, is the most tenable and is in 
direct opposition to Gambrell’s conclusions. Even conclusion 3 of 
the preceding list is not ruled out. 

At this point it should be obvious that continuing the discus- 
sion into the supposed interactions is hardly profitable 

To summarize my conclusions: 

1. Gambrell’s conclusions are not supported by his data. He has 
misinterpreted his analyses of variance to mean that each condi- 
tion of the variables affected the pace rating while in actual fact 
one condition exhibited some unique values with far simpler al- 
though less dramatic explanations than those offered. His sup- 
posed continuums are not established as such unless one accepts 
most peculiar hypothesis involving second and third order equa- 
tions, fitted to points not statistically different. Further, his sup- 
posed interactions and even the meaning given the apparent 
unique differences are highly dubious. 

2. The magnitude of the differences accompanying the unique 
values (even if they were real) are far less than the adjustment 
made for the variable using the usual difficulty adjustments. Gam- 
brell’s questioning of the correctness of using or not using a diffi- 
culty correction is without basis and purely gratuitous. 

3. The data actually lend more support to the hypothesis that 
objective raters assign a rating essentially independent of size or 
weight and the basic concept of objective rating is highly tenable, 
in direct opposition to the conclusions he imposed upon his data 
Indeed, it appears as though the raters do this with sufficient pre- 
cision such as to detect errors unknowingly introduced into the 
experimental situation. 

4. While claiming to be directed at improving our understanding 
of a rating procedure, Gambrell’s paper is an eloquent illustration 
of how far into space one can go with mean errors in rating of 2 
and 3 percent using exotic methods of inference—M. FE. Mundel, 


M.E. Mundel & Associates. 


AUTHOR’S COMMENTS 


I appreciate Dr. Mundel’s interest in my article and especially 
the time he must have spent in preparing his comments. It is in- 
teresting to note that he and I are in agreement regarding many 
facets of my research. This is evidenced by the fact that he chose- 
to disagree only with those points which tend to disprove his 
theories. It is, of course, quite natural to remain silent when 
“exotic statistics” support ones position and conversely to become 
aroused when “exotic statistics” do not compliment ones theories 
It is interesting to observe that he is quite willing to accept on the 
one hand and to demolish on the other hand features which come 
from the same experimental design. It is, however, reassuring to 
know that he agrees with me, even if only in part. 

I should like to point out again as I did in paragraph 6 of the 
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conclusions section that it was beyond the scope of my study to 
evaluate “statistical significance” versus “practical significance.” 
Inferences drawn as a result of Tables 1 and 2 were purely of a 
tatistical nature because statistical significance can be universally 
defined, whereas it is impossible to obtain agreement as to what 
practical significance really is. I might say further that the experi- 
mental design was not only sensitive enough to detect a statistical 
significance of 01, in most cases it did better. Further analysis of 
the results, show that in every case where a statistical significance 
of 01 was detected, the actual significance indicates that the prob- 
ability was less than .0005 

It appears to me that the results of this research provide a 
counter example to Mundel’s theorem that pace ratings are not 
influenced by job difficulty It is well known by those persons who 
have a knowledge of basic engineering mathematics that one coun- 
ter example is sufficient to disprove a theorem. It is, of course, 
possible to modify a theorem, as apparently Dr. Mundel does by 
his comments when he states that a difference of 2% or 3% is 
insignificant. However, I was not aware of his modified theorem 
in precise detail. Unaware that 2% or 3% is insignificant, I, in my 
research, did not know how high this percent could or should go. 
Therefore, an upper bound could not be provided for my statisti- 
cal analysis. I used the traditional statistical hypothesis that the 
ierage ratings are all the same. This is the hypothesis that was 
ejected 

The question which needs to be answered.is how great 1s this 
job difficulty contamination of the pace rating. Actually it could 
be large or small. The adjustment for an arm lift of fifty pounds 
equals nearly twice the amount (48%) of adjustment recom- 
mended for the most extreme conditions of all other five secondary 
idjustment categories combined. It is obvious then that the most 
important adjustment category is weight. I am aware of the 
changed values for weight which Mundel recommends, however, 
these new adjustment values were not in use at Plant A at the 
time of the study. An error in applying these values, new or old, 
ould be serious. The error I have in mind here is not an error in 
selecting some value from a prepared table and applying it. The 
error which this research investigated arises from the assumption 
that the application of that chosen tabular value completely cor- 
rects for the situation 

We all know that it is impossible to regiment the mind of man 
ind especially the mind of a methods and standards analyst. This 
research shows that analysts cannot be completely objective in 
their rating of pace and that they do tend to be influenced by job 
lifficulty. On the other hand this research does not point out 
whether this difference is of practical importance. The determina- 
tion of this relationship would be an excellent topic for further 
research 

Although there are other points made by Dr. Mundel, these can 
be shown to be basically a difference in hypotheses being tested 
These differences in turn point out the need for further research 
C. B. Gambrell, 
Department of Industrial Engineering, Pur- 


in this important area of Industrial Engineering 
Assistant Professor, 
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ORDER SIZES FOR JOB LOT MANUFACTURING, by R. W. 
Llewellyn, Journal of Industrial Engineering May-June, 1959 


Following are some corrigenda to Professor Llewellyn’s article 


Page 176 “The standard deviation for the binomial distribu- 
tion is: 
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This should read: ‘“‘The standard deviation for the fraction 
defective is: 


of =D 


p(l — p) (.05) (.95) 
RE 
p’ =p + 1.645 
and =p’ = p + 1.645(.0073) = .0620.” 


= 00005278 = .00737 


This should read as follows: 


(1 — p) (05) (.95) 
7 ,/* aS Js 
n 900 
V.00005278 = .00727 
=f) + 1.6450, 
and 5 + 1.645(.0073) = .0620.” 
Page 177: 
0475 wae 
= .00703. 
960 


This should read: 


/ 0475 
960 


“oy = .00703.” 
“Using the same data as before: 
¢ = .00727 (in the first approximati>n) 
p’ =p — 1.6456 = .05 — 1.645(.0073) = .038.” 


This should read: 
“Using the same data as before: 
o, = .00727 (in the first approximation) 
p’ =} — 1.6450, = .05 — 1.645(.0073) = .038.” 


Although Grant’s text is referenced, the notation differs from 
Grant’s (and Duncan’s) usage. If the standard deviation (of the 
binomial distribution = \/np’(1—p’) is used, the notation should 
be o—The standard deviation of the fraction defective should be 
notated o,, Grant uses p’ to designate the true population fraction 
defective, with J as.the best estimate of p’. In this article, how- 
ever, p’ is used to denote the value } + 1.645 o,. This practice is 
confusing.—B. Lewis Brinson, Jr., Statistician, Robins Air Force 
Base, Warner Robins, Georgia, 


AUTHOR’S COMMENTS 


The comments of the alert Mr. Brinson on my article “Order 
Sizes for Job Lot Manufacturing” are correct as they stand. The 
reference to the standard deviation as that of the binomial distri- 
bution rather than that of the fraction defective is not good statis- 
tical practice and should be regarded as a mistake on my part 
The 1.6456 that appeared instead of 1.645¢ was a typing error 
which I did not catch in the manuscript. The others were errors 
of omission and are correctly inked in on my copy of the manu- 
script. Since I did not regard this as a quality control article, I did 
not attempt to follow Grant’s notation and was using only his 
Table G. 

My thanks to Mr. Brinson for noting these errors and I hope 
future articles from me will be free of this type of gremlin —R. W. 
Llewellyn, Associate Professor of Industrial Engineering, North 
Carolina State College. 

(Eprror’s Nore: Sorry, we contributed to the confusion.) 


The Journal of Industrial Engineering 





cent 


eadables 





SPECIAL REPORTS 


The following special reports are published by the CAM Press 
Division, Center for Advanced Management, New Canaan, Con- 
necticut, and may be ordered directly from them. 


1. DYNAMIC ORGANIZATION PLANNING. Most books on organiza- 
tion describe how to analyze an enterprise into components and 
departments. This report describes how to synthesize the compo- 
nents into a whole—so that the components are well coordinated 
and the whole enterprise is profitable. It introduces a new idea in 
organization planning based on modern techniques of dynamic 
analysis. A new method of coordinating decision makers is de- 
scribed, plus new methods for orienting accounting to future de- 
cisions rather than to historical past. 

2. HIGH SPEED OPERATIONS RESEARCH. (Reprinted from Harvard 
Business Review July-August 1957.) A survey and analysis of 
profitable opportunities for using modern scientific methods, such 
as operations research, to solve important middle and top manage- 
ment problems of business. Emphasis is given to the use of elec- 
tronic computers in solving those problems. It is rich in ideas for 
the progressive manager 

3. AN ANALYSIS oF pEcISIONS. (Reprinted from Management 
Science, April 1958.) This paper is for the more thoughtful business 
executive who wishes a keener insight into the kinds of managerial 
decisions and how they can be made more effectively. It analyzes 
each kind of decision, together with the interrelationships among 
them so that they may be effectively coordinated. It also analyzes 
the way in which the decisions are aided or impeded by the psy- 
chological climate which management creates 

4. PLANNING BUSINESS PROGRESS. (Reprinted from Proceedings of 
the Third Annual Operations Research Conference, Society for 
Advancement of Management.) A study of the nature of business 
progress and of the planning which is required in order that this 
progress may be profitable and orderly. It analyzes the contribu- 
tion and role of research, development, and operations research 
in building profits and prosperity. (Limited quantity lithoprints 
available pending publication in Management Science.) 

5. ELECTRONIC COMPUTERS IN BUSINESS. (Reprinted from Journal 
of Industrial Engineering, April 1958.) A report on the profitable 
uses and applications of electronic computers in business. It anal- 
yzes these applications and the special problems in coordinating 
among them, such as between applications to routine operations 
versus middle and top management decision making. It presents a 
method for introducing innovations so that business progress may 
be orderly as well as profiitable. 

6. EDUCATION FOR OPERATIONS RESEARCH. (Reprinted from the 
Journal of Engineering Education, November 1956.) A report and 
analysis of the contributions of operations research to the design 
and operation of business enterprises, together with university 
courses and experience which the operations researcher requires in 
order to make them. For the educator or business executive who is 
interested in building a sound program for training or applying op- 
erations research. 
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7. HOW TO BALANCE AN ASSEMBLY LINE. (Considerably revised, 
updated version of paper published in Journal of Industrial Engi- 
neering, 1955.) First application saved $200,000 per year on a major 
appliance assembly line. The central idea has been applied by 
others to such diverse problems as planning Research and Devel- 
opment programs and designing University curricula. 

8. OPTIMAL SHOP LOADING. (Reprinted from Management Science, 
October 1956.) Description of a method for obtaining optimal, or 
least cost, loading of a machine shop producing a limited number 
of finished parts. It describes why the current economic lot size 
formulas are incorrect, and presents an alternative, valid approach 
to economic lot size determination. For factory personnel inter- 
ested in improved methods of planning, scheduling and contro] 

9. THE MODERN ENTREPRENEUR. Through studies in a large decen- 
tralized corporation, a significant difference as observed between 
the processes and the persons required to manage an enterprise 
versus those required to grow an enterprise. Subsequent research 
uncovered the role and contributions of entrepreneurs, the condi- 
tions for successful entrepreneurship, the methods of organizing for 
enterprise. Report is for chief executives interested in growing 
their organizations through tapping the enterprise of associates 
and subordinates. 

10. A PSYCHOANALYTIC STUDY OF MANAGEMENT. A study of the 
roles, functions and processes of management from the perspective 
of contemporary psychoanalytic knowledge. Designed to give the 
executive new understanding and capacity in leadership, delegation 
of responsibilities, decentralization, motivation, the exercise of 
authority, dynamic organization planning. Explores myth of the 
organization man. Illustrates conscious and unconscious factors in- 
volved in these functions and processes, their relationship to mo- 
rale, attitudes, and productivity. 
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Our Institute 


BS searching for timely subjects that could be used in 
this year’s series of “Messages,” I realize that there is 
very definitely a “need to know” among the rank and 
file members of AIIE concerning activities of our major 
committees. This is particularly true because of the 
almost explosive growth of our organization. No other 
engineering group increases itself by one-fourth each year 
and continues this growth for six consecutive years as we 
have done 

The first message in this series will be devoted to the 
responsibilities and activities of our Research Committee 
under the able guidance of Professor Andrew Schultz, Jr. 
of Cornell University, who serves our Institute as Na- 
tional Director for Research. I am indebted to Andy for 
his own bit of research concerning the many facets of his 
committee in order that I can make this report to you. 

The Research Committee as it now exists is the result 
of a proposal made by the Director of Research to the 
Board of Trustees in 1955. Although this was only four 
years ago, nearly two-thirds of our present members had 
not yet joined AIIE. This is just another comment on 
our growth and perhaps another reason for the necessity 
of writing this series. This proposal was designed to fit into 
the existing organization of the Institute with a minimum 
of conflict, to replace the then existent research organiza- 
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and Research 


tion with a minimum of disruption and be adaptable to 
expansion into the divisional type of organization into 
which ASME ultimately developed, into which ASQC is 
moving, and into which most large technical groups seem 
to evolve. 

There are ten specialized research committees, all of 
which are activated, and five functional committees, of 
which three have so far been activated. The Research 
Support Committee and the Fellowship Encouragement 
Committee have not yet been activated, but the other 
functional committees are operating. The Researeh Coun- 
cil is not yet organized. A brief description of the fune- 
tions of these committees is outlined below: 


Specialized Research Committees: 


R-1 Work Measurement—To include time study, work sam- 
pling, standard time incentive plans, standard data plans, etc. 

R-2 Methods—To include work simplification, motion study, 
aspects of tool engineering, automation, work-place design, etc 

R-3 Plant Engineering and Design—To include layout, han- 
dling, equipment selection, maintenance, plant location, buildings, 
ete 

R-4 Human Relations—To include job evaluation, merit rating, 
personnel management, industrial relations, safety engineering, 
non-standard time incentive plans, etc. 

R-5 Engineering Economics—To include equipment policy, 
engineering economy, investment, replacement, etc. 
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R-6 Organization Planning—To include organization study, plan- 
ing, design, measures and relationships. 

R-7 Quality Control and Industrial Statistics—To include in- 
spection, gaging, statistical quality control, standards, and specifi- 
cations. 

R-8 Production Control—To include production forecasting and 
planning, materials and inventory control, production routing, 
scheduling, dispatching and follow-up, etc. 

R-9 Data Processing Systems Design—To include communica- 
tion procedures, information flow, record keeping, cost control, 
reporting etc. 

R-10 Operations Research and Systems Design—To include 
areas not covered in other committees which involve new research 
applicable to Industrial Engineering and over-all systems design. 


Functional Research Committees: 


F-1 Research Prize Committee—To provide positive encourage- 
ment for research in the form of prizes 

F-2 Fellowship Committee—To encourage 
the granting of graduate fellowships in the area of Industrial 
Engineering, to develop criteria and method of selection, and to 
select recipients of fellowships when the Institute provides for 
such 


Encouragement 


F-3 Research Information Committee—To provide to the Re- 
search Publication Committee each year a classified list of titles 
and abstracts of graduate theses in the field of Industrial En- 
ginering, to maintain satisfactory liaison with research agencies of 
other societies, and to provide, where it seems feasible and desir- 
able, historical reviews of research titles and abstracts 

FA Research Support Committee—To develop industry, foun- 
dation, and government agency interest and support of research 
in the area of Industrial Engineering 

F-5 Research Publication Committee—To provide for the pub- 
lication of research information, papers, monographs, or theses 
which cannot be published in the Journal of Industrial Engineering 
but which should be available, because of their importance, to 
members of the profession. 


The real objectives of the research organization should 
change as time passes. The initial objectives, which still 
continue, are fundamentally educational and secondarily 
facilitative and communicative in nature. They are to 
provide within the formal structure of the AITE a focus 
for questions related to research, a mechanism for the 
interchange of information about research, a means for 
defining for the organization a qualitatively high stand- 
ard with regard to questions concerning Industrial En- 
gineering research, and a mechanism to bring before the 
membership and other professional groups a realization 
of the seope, content, needs, and performance of In- 
dustrial Engineering research. The specialized commit- 
tees, by meetings, discussions, symposia, refereeing of 
papers, and presentation of technical sessions at AIIE 
meetings, have been providing these functions. The func- 
tional research committees, through the collection and 
publication of abstracts, through the award of prizes, and 
ultimately by publication of monographs and supporting 
research by encouragement of graduate fellowships or 
foundation or governmental support, make an equally im- 
portant across-the-board contribution. It is noteworthy 
that it is not the function of the research organization to 
1. compile bibliographies, 2. maintain a glossary, 3. make 
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surveys to find out how industry is doing it, or 4. actually 
do research. Naturally, the individuals on the research 
committees have an interest in their areas of specialty, 
have full-time jobs of some sort or other, and may in 
fact be doing research themselves. But research is not 
accomplished by committees and it is not done in odd 
moments. One man-year of research costs from $20,000 
to $30,000, depending upon facilities used. The problems 
of Industrial Engineering are not simple. They are rather 
complex and they demand considerable effort and com- 
petence. To the extent that the research organization is 
able to maintain its reputation and competence by at- 
tracting appropriate professionals to its committees, it 
will be able to achieve its objectives. 

Some specific accomplishments are worth noting. Five 
of the research committees have held symposia. Some of 
these have involved a relatively small number of leading 
specialists in the field such as the Methods and Work 
Measurement Symposia held at the Syracuse Regional 
Conference in October, 1958. Others, involving a larger 
invited list of specialists, were held on a national scale 
and resulted in publication of proceedings. The Organi- 
zation Planning Seminar in New York and the two Simu- 
lation Seminars in New York and Chicago are representa- 
tive of this type. The Engineering Economy Symposium 
on New Applications of Economic Evaluation in Industry 
held in cooperation with the ASEE was a successful illus- 
tration of a larger scale meeting. All of these served the 
purposes of the research committees to appraise prob- 
lem areas for purposes of pure research and of applied 
science, and to develop methods of application. In addi- 
tion they were of value in encouraging research in In- 
dustrial Engineering and on Industrial Engineering prob- 
lems. They further served to bring before the eyes of 
other cooperating organizations the interest, competence, 
and scope of Industrial Engineering professionals in the 
problems discussed. Our field is being defined in this way 
as well as in others, and the future development of the 
art cannot help but benefit and be influenced by these 
rather fundamental actions. 

Another activity of the various committees has been 
to hold meetings at which the various problems of the 
specialized area are discussed. Through the activities of 
the committee membership in other associations and 
through their writing and speaking, the course of devel- 
opments in the area is affected. 

The roster of the committee members of the research 
organization demonstrates the influence of the group. 
There are few such members who are not actively par- 
ticipating in many technical meetings throughout the 
country, and they represent the AIITE and its position on 
research competently and ably in these activities. 

Finally, such specialized committees as Production 
Control and Work Measurement provide speakers, chair- 
men, and panelists for higher level technical sessions at 
AIIE meetings. The series at the recent national con- 
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ference in Atlanta was well received and appreciated by 
those who found their way to the top floor of the hotel. 

The functional committees also are providing a very es- 
sential service to the organization. The Research Infor- 
mation Committee collects material from all over the 
world, classifies it, and publishes abstracts of research 
taking place in Industrial Engineering. There is no means 
other than this where researchers in the field can find out 
what others have done and thus avoid undersirable dupli- 
cation or repetition of effort. 

The Research Prize Committee has the important func- 
tion of generating and screening nominations to select 
outstanding research accomplishments in the field. 
Through such recognition by suitable awards it is hoped 
to encourage good research, to increase research efforts, 
and to point out to others the quality of performance in 
the field. 

A question that should be discussed is what the local 
senior and student chapters of the AITE can do to aid 
this effort. There are a number of activities in which the 
research organization needs aid. One is the collection of 
abstracts of research work in the area of the chapter. 
There are many educational institutions and industrial 
organizations which have been doing research but which 
have not yet prepared abstracts on the forms provided 


@ HOW FOREMEN 
CAN CONTROL 
COSTS 


@ TIMESTUDY 
FUNDAMENTALS 
FOR FOREMEN 


solve them 


by the Research Information Committee. Local organiza- 
tions can follow up to see that this is done. Secondly, the 
nomination of any outstanding local research accomplish- 
ment for award should also be a service the local group 
can provide. A most effective aid would be the encourage- 
ment of local firms to provide graduate fellowships in 
Industrial Engineering at educational institutions, the 
encouragement of such firms which already provide col- 
lege graduate fellowship support to write their grants so 
as to include Industrial Engineering, and the organiza- 
tion of a local basis of awards or recognition of good 
work done by chapter members or local students in appli- 
cation of new techniques or development of new applica- 
tions or techniques. A metropolitan chapter could very 
well make an award each year for high quality theses 
written by graduate students in Industrial Engineering 
in local educational institutions. 

Obviously, the problems of development of an appreci- 
ation of good research, of appraising needs for further 
work, of increasing the prestige and status of Industrial 
Engineering, and of encouraging more research is com- 
plex. It is felt that a very creditable start has been made, 
but a broader foundation and continuing growth are es- 
sential if our Institute is to properly mature so that it 
may assume the professional dignity which it deserves. 


Uncover HIDDEN PROFITS in your plant or shop with the— 
5-volume McGraw-Hill 
PRACTICAL COST CONTROL LIBRARY 
By PHIL CARROLL, 1372 pages, 460 illustrations, only $19.50 
An expert on the subject, Phil Carroll, shows you 
exactly how to take on cost control problems—and 
at all levels in the plant or shop. Fore- 


Timestudy techniques and applications 
From the ABC’s of timestudy, this Library leads 


@ TIMESTUDY FOR 
COST CONTROL 


@ HOW TO CON- 
TROL PRODUCTION 
COSTS 


men, supervisors, engineers, timestudy men—all can 
use these specific facts, data, and methods to get on 
top of cost problems in quick order. 


Starting right at the front-line supervisory level, 
this Library points out the foreman’s responsibilities 
for costs—gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating 


you step by step through the standard-setting proc- 
esses. Complete, practical explanations cover the 
entire timestudy procedure—how and where to start, 
building standard data, applying standards, and 
maintaining a complete incentive installation. 

A full explanation of the total-conversion-cost | 
method of control gives you tested means of boost- 


waiting time, scrap, and so on. 


@ HOW TO CHART 
TIMESTUDY DATA 


ing profit and plugging cost leads. 


Order your Library from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atlanta 13, Georgia 


CONFERENCE AND CONVENTION 


The Eleventh Annual Conference and Convention of AIIE 
will be held: 
DALLAS, TEXAS 
Sheraton-Dallas Hotel 
MAY 12, 13 AND 14, 1960 


PLAN NOW TO ATTEND 
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PROFESSIONAL RELATIONS ACTIVITIES 
Engineering Unity at the Chapter Level 


It is no mere coincidence that each of the last five issues of the 
Journal have carried material pertinent to the subject of improved 
coordination within the engineering profession. This past year 
has been one of eventful action even for those who believe that we 
are moving all too slowly in the direction of unified activity 
It would be wonderful to be able to report that all engineers and 
all engineering organizations agree to all the aspects of unification. 
This may never be. However, the accomplishments of the past 
year, as reported in the Journal, have been pointed in the direc- 
tion of bringing closer to reality the aspirations of those seeking 
unity among engineers 

Representation of the AIITE in Engineers-Joint Council is as- 
surance to all of us in the Industria] Engineering profession that 
we will be directly involved in any study or action at developing 
& program that will further the objectives of the engineering pro- 
fession as a whole and promote the most effective utilization of 
engineers in maintaining the national health, safety and interest 
In three years the number of delegates from our society has grown 
from one man, Dr. Rathe, to thirty—many of whom are from the 
top ranks of industrial and academic circles. All these men have 
had to make personal sacrifices in order to devote time and effort 
in promoting the interests of the engineering profession 

However, while this activity has been going on at the national 
level, a survey made this past year of all of our local chapters 
indicates a very strong pattern of coordination that a politician 
might describe as being of the “grass-roots” variety: The lowest 
echelon of the profession—the engineer—the man that the socie- 
ties represent—is always working with his fellow engineers hand- 
in-hand in many different ways. He has in many instances ac- 
‘omplished that which the societies are still seeking 

Last Fall, acting on the theory that more de-facto unity ex- 
isted in individual communities than was generally realized, Jim 
Richardson was requested by the Professional Relations Com- 
mittee to contact the individual chapters of the AITE to determine 
the extent of their relations with local engineering organizations 

Answers to three questions were specifically sought 

1. Whether or not any form of local Engineering Organization 
existed which would tend to promote Engineering Unity. 

2. In what manner did AIITE cooperate with such a body, le, 
through its individual members who also belonged to the local 
organizations or by virtue of AILE Chapter Membership 

3. AILE Chapters were asked to elaborate on the scope of ac- 
tivities of any local engineering organization and the scope of their 
participation 

Fifty-five (out of ninety-four) chapters replied in detail 
Forty-six of the fifty-five reporting chapters indicate the existence 
of some form of local engineering organization open to engineer- 
ing societies. Nearly every chapter is participating in the activities 
of its local body of engineers 

As might be expected, the nature, size and strength of the local 
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organizations vary considerably. It would be necessary for an 
interested party to read the chapter replies in detail to appreciate 
the extent of local engineering unity. Sample quotes include: 

“Among societies with whom we cooperate at the local Chap- 
ter level are The Institute of Management Sciences, American 
Society of Quality Control, Insti.ute of Radio Engineers at pres- 
ent. Past efforts also included American Society of Mechanical En- 
gineers, American Material Handling Society, New York Society 
of Professional Engineers, Operations Research Society of America, 
and the Society for Advancement of Management. 

We are currently negotiating with the American Institute of 
Electrical Engineers and the American Society of Mechanical En- 
gineers in an atempt to join them in their fine program of courses 
on public speaking, report writing, etc., as well as P. E. prepara- 
tion.” 

“Architect’s and Engineer’s Institute—The A&E Institute owns 
a good sized building in the downtown area of Atlanta. The gov- 
erning board of the institute is composed of an appointed member 
from each of the local architectural and engineering societies. The 
facility provides meeting and office space for each society, (meals 
are sérved) and is financed through permanent exhibits of building 
and industrial products. An engineering reference library is also 
maintained.” 

“The Cleveland Technical Societies Council is composed of 
fifty-one member societies among which are the AIITE Chapter 
and the Cleveland Engineering Society. The objectives of the 
Council are to bring together the members of the technical, sci- 
entific, architectural and engineering societies in the Northern 
Ohio area for cooperative effort in increasing the scope and 
availability of the services of the societies to individual members, 
and to promote intersociety activities and good will 

Last year the Cleveland Engineering Society consisting of about 
2,000 members moved into a new $1,500,000 home. The AITE now 
hold all meetings in this building. We also have two delegates to 
the CTSC.” 

“Technical and Scientific Council of Cincinnati composed of 
twenty-three local sections of national societies—approximately 
6,154 individual members. 

The Council has a building called Engineering Society Head- 
quarters. The Local Chapter AITE has almost all meetings in this 
building.” 

“Our local AITE chapter participates, through chapter member- 
ship, in the Engineering Council of Birmingham and Jefferson 
County. The enclosed copy of the roster, constitution, and objec- 
tives of the Engineering Council will explain the scope of activi- 
ties, size, etc. of this organization much better than I can.” 

“Members of Engineers Joint Council of St. Louis take an ac- 
tive part in their work. We have an advisory Committee and a 
three man delegation.” 

“Society of Professional Engineers—several hundred engineers- 
same general activity as the National organization; Engineers 
Joint Council—a committee composed of the president and one 
other representative from each of the individual engineering so- 
cieties set up to promote items of interest to all engineers, engi- 
neering education, and counseling.” 

“The Puget Sound Engineering Council is composed of twenty- 
nine member societies of Seattle and Tacoma, including all the 
senior societies and the Washington Society of Professional Engi- 
neers. It is active in legislative and public relation matters.” 

“The Youngstown Chapter of AIIE has two delegates to the 
Mahoning Valley Technical Societies Council, Youngstown, Ohio; 
each delegate is appointed for a period of two years.” 

“Engineering Societies of New England—approximately 8,000 
members—constituent members—twenty-six engineering societies 
in New England including all branches of Engineering (Also Mer- 
rimack Valley Chapter, AIIF)—ESNE very active in securing 
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passage of mandatory registration of Professional Engineers— 
effective 12/26/58—recognizes Industrial Engineers for first time 
in Massachusetts.” 

“Toledo Technical Council has thirty-one member societies 
with approximately 3,200 members. Engineering Society of Toledo 
has approximately 500 members.” 

These answers were randomly selected and represent a good 
cross section of unified activity in communities throughout the 
country. So what? It seems to this reporter that a form of Engi- 
neering Unity exists. It might almost be said that more unity 
exists at the “grass roots” than exists at the national level. 

The information gathered in this report might suggest that if 
any concerted drive for unity were to take place, it wou!d do well 
to take advantage of the ready-made unity already existing in 
local communities 

Unity within the engineering profession dates back to 1852 when 
the American Society of Civil Engineers was founded. The forma- 
tion of that Society was the answer to a need; our local chapters 
are participating in programs coordinated to serve a number of 
engineering societies within a given area who have much in com- 
mon. This coordination is also an answer to a particular need in 
that community 

The recognition of the need for coordination at a national level 
is a matter of time. The single most significant development dur- 
ing the past year has been the unanimous stand by all EJC Direc- 
tors in favor of an amalgamation of the activities of the EJC and 
the ECPD. Its realization would bring us a big step closer to the 
time when one group can speak for all of the engineering profes- 
sion 

Reported for the Professional Relations Committee 
BY O. J. Frorene 


CALENDAR 


October 12, 13 and 14: International Systems Meeting to be held 
at the Royal York Hotel in Toronto, Canada. Write: George K 
MacDonell, General Chairman, International Headquarters, 4463 
Penobscot Building, Detroit 26, Michigan 

October 23: Conference on the Arbitration of Wage Incentive 
Grievances to be held in Buffalo, New York. All of the speakers 
are well-known arbitrators with special knowledge of incentive 
Write: Richard M. Gordon, Western District Di- 
Extension Division, New York State School of Industrial 
ind Labor Relations, Cornell University, 17 Court Street, Buffalo 
2, New York 

November 11, 12 and 13: The Sixteenth National Meeting of the 
Operations Research Society of America will be held at the Hunt- 
ington-Sheraton Hotel. Registration can be made at the meeting. 
Hotel arrangements should be made directly with the hotel. Write: 
Sidney I. Firstman, Publicity Chairman, The Rand Corporation, 
1700 Main Street, Santa Monica, California 

January 25-February 4, 1960: The 1960 Engineering and Man- 
agement Course, an intensified 10 day short course for engineers 


irbitration 


rector, 


and managers (excluding Sunday), Los Angeles campus of the 
University of California, tuition $400.00. Write: College of Engi- 
neering, University of California, Los Angeles 24, California 


PERSONALITIES 
ROBERT N. LEHRER 


Robert N. Lehrer, Chairman of the Department of Industrial 
Engineering at the Northwestern University Technological Insti- 
tute and Editor-in-chief of the Journal of Industrial Engineering, 
was among four American engineers who spent six weeks in Japan 
this summer under a program designed to increase productivity of 
Japanese industry 

Prof. Lehrer was primarily concerned with office work simplifi- 
vation and procedures analysis during the instruction courses of- 
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fered to middle management officials in the Japanese industrial 
cities of Tokyo and Osaka. 

Other members of the group, organized by the Japanese Pro- 
ductivity Center and the International Cooperation Administra- 
tion (ICA) were M. E. Mundel, Management Consultant of the 
City of Milwaukee, who was group leader; A. L. Bryant, Director 
of the Management Engineering Training School at the Rock Is- 
land (Ill.) Arsenal; and Calvin Schneider, Chief Industrial Engi- 
neer for a Cleveland manufacturing firm. 

Upon arrival in Tokyo, the group spent four days in orientation 
and discussion of the program, which is part of an over-all plan 
organized by the Japanese Productivity Center that has included 
visits to this country by Japanese industrialists. Several Japanese 
were enrolled in courses in the Northwestern Industrial Engineer- 
ing Department during the winter and spring academic quarters. 

Special two-week courses for the middle management group 
were presented both in Osaka and Tokyo. Mundel conducted the 
course in work method improvement and work measurement; Bry- 
ant specialized in organization planning; Schneider in work plan- 
ning and control; and Lehrer in office work simplification and pro- 
cedures analysis. 

Seminars with top management were also scheduled. The “mid- 
dle management” group was composed of individuals more directly 
concerned with actual operations than with long range planning 
and policy formation which is the interest of top management. 


FLOYD J. TITLER 


In a letter mailed to the Board of Trustees, National Directors 
and Chapter Presidents, our National President, Frank J. Johnson, 
announced the impending retirement of Floyd J. Titler, Executive 
Secretary of AIIE. Excerpts from this letter follow. 

“For those of you not familiar with the background, the posi- 
tion of full-time Executive Secretary for our Institute was created 
by the Board of Trustees in the fall of 1957. Floyd Titler, who was 
the first man to be elected to the newly created post of First Vice 
President, retired from Republic Steel Corp. in February, 1958, 
and he consented to becoming our first full-time Executive Secre- 
tary for a two-year term. This term expires in February 1960, and 
Floyd has requested that we allow him to retire at that time. 

“It is with mixed emotions that we accept Floyd’s decision to 
step down in February—with regret that we are losing the services 
of a fine gentleman with a world of experience and an abiding love 
for our profession and Institute—yet we are happy that he can 
enjoy some well-earned rest and leisure. 

“Due to the impending move of our national headquarters to 
the United Engineering Center in New York City, it will be neces- 
sary to employ a new Executive Secretary in time to assist us with 
the planning for our move. The Executive Committee is screening 
possible candidates for this position. 

“Effective last July, Floyd Titler became Executive Secretary- 
Emeritus and he was relieved of the major part of his responsibili- 
ties for operating the headquarters office in order that he may 
have time to work on some very important special assignments 
relative to our national headquarters organization and move to 
New York City. He will assist in the training of his replacement 
when the selection has been made and approval received from the 
Board of Trustees. Don Trenwith, our Business Administrator, will 
manage the operations of our national headquarters office during 
this period. 

“I know that all of you join me in wishing Floyd the very best 
of good health and happiness as he approaches retirement in his 
‘second career.’ Most of us will be doing well if we can retire from 
one career.” 


SAN DIEGO CHAPTER WINS GROSECLOSE AWARD 


Winners in the Chapter Development contest were announced 
at the Annual Conference Banquet held in Atlanta, Georgia on May 


The Journal of Industrial Engineering 405 





14, 1959. First place award went to the San Diego Chapter. Larry 
Becht, chapter president accepted the FRANK F. GROSECLOSE 
AWARD on behalf of his chapter. This marks the second time the 
trophy went to the Western Region, Great Salt Lake having won 
the first award last year. 
Listing of other award winning chapters follows: 

Ist Runner-up Dallas-Fort Worth 

Ries “ Milwaukee 

3rd ” “ Great Salt Lake 

4th ri “  Charleston-Huntington 


Regional winners were: 


Northeast—Central Connecticut 
Southeast—Nashville 
Central—Charleston-Huntington 
Southwest—Dallas-Fort Worth 
Midwest— Milwaukee 
Western—San Diego 
Chapters qualifying for an “Award of Excellence” were: (In addi- 
tion to the above) 
Albuquerque 
*Atlanta 
*Central Arizona 
Central Indiana 
Chattanooga 


Los Angeles 

Mid-Hudson 
Metropolitan New Jersey 
Niagara Frontier 
Oklahoma City 
Pensacola 

Savannah 


*Cleveland 
Columbus 
*Dayton **Southern Ontario 
**Evansville Tulsa 
Long Island York 
*Second consecutive award 
**New chapters this year 


AKRON CHAPTER 


Robert L. Griffiths, Superintendent of Power and Processing for 
Diamond Crystal Salt Company was elected president of the 
Akron Chapter. He succeeds Ralph F. Fix, Firestone Steel Prod- 
ucts Company Staff Industrial Engineer who was appointed to the 
Board of Directors together with Professor Michael Bexbatchenko 
of Akron University College of Engineering. 

William R. Schultz was elected vice president; Joseph A. Dum- 
bauld secretary; Jack N. Ross, treasurer; and Robert A. Hender- 
son, sergeant at arms, James T. Austin was appointed to the Board 
of Directors to fill the one year term vacated by Garvin W 
Timms 


LOUISVILLE CHAPTER 


Mr. Norman K. Morrison, Product Manager of Executone, Inc., 
was guest speaker for the April meeting at University Center on 
the U. of L. campus 

Mr. Morrison’s topic, “Centralized Timekeeping”, touched on 
an area of potential savings that has been long recognized by the 
majority of our members. The larger than usual turnout was an 
indication that as Industrial Engineers our search for better and 
more economical methods will not by-pass indirect shop or clerical 
personnel. Affiliation with the National Association of Accountants 
and AIIE was reflected in Mr. Morrison’s discussion, as he dis- 
played a knowledge of the cost problem and had a proposal for 
its solution. The equipment demonstration was interestingly pre- 
sented and brought out many questions after the discussion. We 
are indeed grateful to Mr. Samuel Stern of Executone’s Louisville 
office for his generous cooperation 

The Louisville Chapter’s Annual Spring Conference was held at 
the University Center on April 10. The topic, “Job Evaluation”, 
was well presented and well received. Our hats are off to Herb 
Rogers, conference chairman, and his committee. A word of praise 
should also go to James Kershner, Ralph Blakely, and Ed Thoben 
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At the Annual Banquet of the Louisville Engineering and 
Scientific Societies Council, held on May 14 at the Kentucky 
Hotel, a $550.00 scholarship award to the Speed Scientific School 
was presented to Robert M. Gregg, a senior at St. Xavier. 

Ronald Rickwald of the Naval R.O.T.C. has been chosen as one 
of the fifteen outstanding military engineers of the 52 colleges in 
the U.S.A. Ronald is the son of Raymond Rickwald, senior mem- 
ber of our local AITE. 


METROPOLITAN NEW YORK CHAPTER 


The Metropolitan New York Chapter established two student 
awards: The Walter Rautenstrauch Award in memory of the 
founder of the Industrial Engineering Department at Columbia 
University in New York, and the David P. Porter Award in honor 
of Professor Porter of the Industrial Engineering Department of 
New York University. These awards were given to two outstanding 
undergraduate students of the respective schools at the graduating 
exercises and at the student society meeting. Mr. Ernest Bender, 
evening student at the College of Engineering, New York Univer- 
sity, received the David P. Porter Award, and Mr. Richard Zapo- 


lin received the Walter Rautenstrauch Award at Columbia Uni- 
versity. 


MID-HUDSON CHAPTER 


The Mid-Hudson Chapter was the first AIIE Chapter to exceed 
its quota for the United Engineering Center Building Fund. The 
Chapter attained 173 percent of its goal. Congratulations were ex- 
tended to Mr. Lloyd Smiley and his committee by Mr. W. Val- 
lette, Northeast Regional Vice President. He awarded a delegate- 
at-large assignment to the chapter for the 10th Annual AITE Con- 
vention. 

The Annual Ladies Nite dinner meeting was held in April at 
the Nelson House in Poughkeepsie, New York. Professor H. A 
Cozzens, Jr., of New York University addressed the group. His talk 
“Your Wife—An Industrial Engineer by Intuition” was lively and 
entertaining. 

The March meeting featured a “Case History Night”. Chapter 
members presented projects from their work experience. Mr. R. W. 
Reip, Hercules Powder Company, discussed a methods study and 
the introduction of a group incentive plan. The second discussion 
by Mr. K. C. Griswold, Sonotone Corporation, covered work meas- 
urement. He explained the justification, the methods and the effec- 
tiveness of work measurements at his company. Mr. L. G. Smiley, 
Western Printing and Lithographing Company, spoke on the meth- 
ods of determining the rate of return on assets. 

Dr. Adam Abruzzi, Professor, Stevens Institute of Technology, 
addressed the February meeting. His talk “Work Measurement” 
was an interesting and informative discussion of management and 
labor in this field from the neutral position of an educator. At the 
January meeting Mr. J. L. Krumpleman, Military Products, Inter- 
national Business Machines, presented a talk on operations re- 
search. The application of operations research and the develop- 
ment of a sample production schedule provided the basis for Mr. 
Krumpleman’s talk. 

Mr. D. A. Leard was presented with the first annual President’s 
Award of the Mid-Hudson Chapter, in recognition of his out- 
standing work as Chairman of the Program Committee and Treas- 
urer during the chapter year of the chapter. Mr. W. D. Wilson, 
President, made the award. 

The Mid-Hudson Chapter was represented at the Atlanta Con- 
vention by Mr. W. D. Wilson, President, as Chapter Delegate and 
Mr. W. E. Walker as Regional Delegate-at-Large. y 

The May meeting featured Professor R. Contini, New York 
University, as guest speaker. His subject was “Human Engineering 
in Industrial Engineering”. The Mid-Hudson Chapter meets on 
the third Thursday of each month in Poughkeepsie, New York. 
Society members in the area are invited to attend our meetings. 
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ROCHESTER CHAPTER 
\ctivities in the Rochester Chapter have expanded at a very 
rable rate as indicated by a larger membership and greater 
member participation in the various projects the chapter has under 
vay. For the 1958-59 season we adopted as our theme “Progress 
Is Our Most Important Problem,” this to be our guiding philoso- 
1s Industrial Engineers in business and in civic affairs as well. 
Chapter meetings, held at the University Club, are preceded by 
t social hour and dinner. The Program Committee headed by 
Harry Davis, Kodak Park Works, put together a diversified pro- 
gram apropos of the general theme. At the regular meetings we 
had such outstanding speakers in their field as Drs. E. H. Bow- 
man and Harold C. Passer, Dean Gordon B. Carson, past AITE 
President, and Professor Edward V. Krick. 

Several new program ideas were advanced this year. Industry 
Day was held in November. Instead of a regular monthly meeting 
the Chapter went on tour of the Telecommunications Division of 
Stromberg Carlson Division, General Dynamics. Following dinner 
in the plant cafeteria and a short business meeting, Mr. Clarence 
Van Epps, Director of Manufacturing for the Electronics Division, 
gave us some insight into the problems and costs involved in to- 
day’s missile program. In February the meeting took on a new 
flavor—we held Ladies Night. Members’ wives were invited to 

ttend the entire evening and the speaker, Mr. E. H. Plant, Direc- 

of Training, Eastman Kodak Office, directed his talk to the 
ladies. His subject 
vas so successful that it is planned to adopt Ladies Night as an 
innual affair 

At the April meeting officers for the 1959-1960 season were an- 
nounced. Robert W. Sparkes, Stromberg Carlson Division, General 
Dynamics will serve as president; Richard H. Woodward, Bausch 
& Lomb Optical Company, vice president; Nick Kralles, Eastman 
Kodak Company, secretary; and Mary Rita Merkel, Bausch & 
Lomb Optical Co., 


“So You Married an Engineer.” This meeting 


treasurer. Also elected to fill expired vacancies 
on the board of directors were Freeman C. Lewis, Taylor Instru- 
ment Co. and James E. Sundstrom, Eastman Kodak Company. 
The May meeting was given over to presentation of the Roch- 
ester Chapter Technical Achievement Award. The winner of the 
Melvin R. Witmer, a member of the Industrial 
Engineering Division of Eastman Kodak Co. Mr. Witmer read his 
paper “Industrial Engineering At the Department Head Level” 
whicl 


iuward was Mr: 


presented mathematical techniques for solution of mainte- 
nance and inspection problems. The award was presented by Na- 
tional President George H. Gustat 


rated this year 


The competition was inaugu- 
Eligibility was not limited to chapter members but 
was open to all practicing engineers having some contribution to 
make in the field of Industrial Engineering 

Among our additional activities during the season was joint 
sponsorship with the Syracuse Chapter for the First Northeastern 
Regional Conference held at. the Hotel Syracuse, Syracuse, N.Y. 
on October 30-31. The program and publication of proceedings 
responsibility of the Rochester Chapter, Robert C. Ed- 
wards, Bausch & Lomb Optical Co., acting as chairman 

Community projects have received considerable chapter support, 
perhaps the most outstanding being the Annual Science Fair spon- 
sored by the schools with the support of the Rochester Council of 
Scientific Societies of which our chapter is an active member. The 


were the 


Fair is an open competition for students at all levels. Through its 
various member societies the council has developed the basis for 
awards and each year furnishes panels of judges needed for intra- 
mural and final competitions. Prizes include scholarships, cash 
awards and medals 


SAN DIEGO CHAPTER 

The following article, by L. R. Becht, President, San Diego 
Chapter, AIlE, was published in the May 1959 issue of Western 
Industry and is reprinted due to its excellence and pertinence —En. 
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TECHNICAL CHAPTERS—ARE THEY REALLY 
EFFECTIVE? 


How you can improve yourself as a member and improve your 
chapter... 

Are chapters of a technical society really effective from a pro- 
fessional standpoint? Or are they merely sources of quasi-social 
gatherings where engineering diletantes convene in an atmosphere 
of tolerant boredom? Are they generally intended to merely en- 
force unofficially the ethical obligations of the professional man? 


TABLE 1 


Anyone you know in this table? It tells some 
of the common symptoms, causes and cures 
for the ills of Western technical chapters. 





SYMPTOM |CAUSE CURE 


Minority con- |Don’t care attitude|Frank evaluation of 
trolling cliques|of many members |your own participation 
(semi-nepotism) 





Acsign tasks with 
specific responsibility 


Members-in- 
name only 


Laziness, fla- 
grant featherbed- 
ding (nothing else) 


Engineers-by- 
title only 





Lack of real edu- |Clean your house, weed 
cational or profes- jout the pseudo 

sional background |“engineers” 

(quality) 


Complaints, 
all varieties 
(dues, meals, 
prices, etc.) 





Improve upon each 
item (but also consider 
the source, much of 
this is just childish 


Pure alibis, usu- 
ally for lack of 

interest (reflects 
the “what’s in it 


for me” attitude) |quibbling) 





Dynamic programming, 
telephone contacts, 
drop out the frequent 
offenders (drastic but 
actually no loss) 


Irregular/poor|Poor program- 
attendance ming, lack of fel- 
lowship, indiffer- 
ence 


Avoiding com- |Again laziness, 
mittee or task |indifference (“let 
assignments (George do it” 
attitude) 


Shabby /varied |Lack of pride, 
meeting 
locales 





Develop fellowship, 
create sense of belong- 
ing, make it a group 
effort 





Develop prestige, create 
petty penny-pinch-|a feeling of pride, get 
ing, poor planning |“executive” at least in 
appearance 























And what about the Chapter member? Is he a hard-driving, 
alert, vigorous, scientific crusader dedicated to the welfare of man? 
Or is he an indifferent, unresponsive typical “joiner”—motivated 
mainly by selfish personal interests rather than group esprit de 
corps? 

Frankly, as the saying goes, it is now high time for all good 
engineers to take a hard look at some of the answers to the above 
questions. A little individual soul searching at the same time 
might prove beneficial. And, while we are covering this particular 
waterfront, let us not overlook the innocuous hanger-on, the peren- 
nial free-loader in the background—in other words, that engineer 
or technician who contributes absolutely nothing to over-all pro- 
fessional advancement by the simple expedient of merely not 
belonging to any organized professional group. Surprising as it 
sounds, a substantial number of engineers and technicians fall into 
this latter category. 

Is there truly a problem in this area? Are Chapters really such 


407 





a complex form of human association? A straight-forward honest 
answer certainly would have to be in the affirmative. How do we 
recognize the problem? Let’s take the grass roots approach and look 
at some of the causes and effects. Table 1 lists some of the symp- 
toms that must have a familiar ring ~ 

What's that? Exaggeration? Gross distortion? Not representa- 
tive? Just poppy-cock? Well perhaps, but you'll have to admit— 
if you're honest and uninhibited—that we are shooting pretty clos 
to the bull's eye. We gain absolutely nothing by kidding ourselves 
or by reprehensible evasion 


The Average Guy—A Driving Force 


Let’s look at our Chapter personnel first, The “average” 
can become a driving force- 


member 
a prestige guy with pride in his organi- 
zation and his associates—a bona fide quality representative of 
his profession. How can this be done? Well, it isn’t easy—neither 
does it call for super-human endeavors 

First, make sure he wants to belong. This is tremendously im- 
portant—no use drilling in a dry hole. Secondly, create a feeling of 
desire on his part for personal prestige. This can be accomplished 
in part by obtaining good publicity for the Chapter, and the mem- 
bers thereof—in the newspapers, company publications, technical 
journals, trade magazines, etc 
surprisingly big dividends 


This is hard work, but it will pay 


Next, give him a specific task to accomplish and insist on top 
performance no matter how insignificant the assignment 

NOW, reward his efforts in some tangible manner—let his com- 
pany, his wife, his associates know of his fine performance. Don’t 
slip up here—it's the wrap-up of the job, and how well you do it, 
that pays off. /f you do this, 


the game with the MEMBER 


and no more You will have won 


Creating Chapter Prestige 

Now, let’s « xamine our Chapter’s official family. The “average” 
Chapter can be a vibrant entity—progressive, proud, strong, and 
respected How can this be done? Again, it isn’t easy—and it 
doesn’t call for herculean efforts. But—it’s a tougher chore than 
your curative prescription for the “average” member 

To start with, we must create Chapter prestige. Again, make 
sure that this is wanted by the majority. Lots of the boys are just 
looking for an excuse for a “night out.” Strong language? Perhaps 

but at least, we’re calling the shots as we see them (and know 
them) from analyzing hundreds of meetings of all kinds. And, 
please, no scholarly letters to the contrary—vyou'll just be cluttering 
up the waste basket 

Chapter prestige begins by insisting on a dignified and appro- 
priate meeting place. If you are going to be in the major leagues, 
then by all means look like a big leaguer. Add to your prestige by 
making it difficult, to belong. You lose face when every Johnny- 
come-lately can ease in with no strain. Screen your new applicants 

make sure they intend to participate. Ten demerits for the Chap- 
ter that. mistakes size for quality. One sincere member is worth 
ten dabblers 

Secondly, concentrate on a truly constructive and outstanding 
program. Make your members want to come to your meetings. In- 
sist that your Program Chairman firm up each meeting, in its 
entirety at least six weeks in advance. Outline an annual program 
at the start of your Chapter year 
Board 


are going to pull your member away from the comforts of his 


clear this with your Executive 
ask your members what they want to hear or do. Jf you 


home, his television, his books, his hobbies—then you owe it to 
him to put on a good show. Again, please, no pious platitudes 
about how unnecessary this should be for the “true-blue” profes- 
sional 

Next, demand that your meetings be top quality. Create a real 
atmosphere of belonging—of fellowship. Vary your seating arrange- 
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ments; make your members move, around—perhaps have an 
“honor” table, besides the head table for special guests, etc. Insist 
on a good dinner (prime rib, steak, lobster)—pay more if need be— 
but avoid cheap, hurriedly served, circuit-banquet type meals. 
Make the dinner a high spot of your meeting rather than a routine 
detail. This will impress your guests, your speakers—and should 
eminently satisfy the inner man. Pass around good cigars occasion- 
ally after the meal, or a good liqueur, with the Chapter picking up 
the tab 

Finally, direct that a concise, hard-hitting, rigidly-adhered-to 
time schedule be followed—start on time—end on time. This shows 
respect for the personal time of your members; and you will be 
pleasantly surprised to discover how much favor this finds with the 
regulars. If you have business to transact, prepare brief handouts 
that the members can peruse during the meal—this will expedite 
decisions later on. Prolonged meetings, like long-winded speakers, 
will sound the death knell for many a Chapter. There is a boldness 
of action required here that is an implicit responsibility of our 
stewardship 

Remember, the above are essential prerequisites for a successful 
Chapter; like the phrasing in the song “they go together like a 
horse and carriage.” These are basic responsibilities of the Chapter 
Officers and the Executive Board. If they do any less, then they 
simply aren’t measuring up 


Dealing With The Chapter Extrovert 

Since we are scrutinizing the entire picture—lei’s touch briefly 
on an unsavory item. What about the Chapter extroverts? These 
are the choleric characters with the hollow log or raucous voice, 
the constant complainer, the dues delinquent, the work evader, the 
meeting disrupter—well, I’m sure you recognize the type. Every 
Chapter has them—in fact, every organization that I’ve ever seen 
has its share of one sort or another. I guess this is to be expected— 
though not necessarily a requirement. Thank goodness they are a 
small minority, albeit a very disturbing element. There are two 
alternatives as we see it 

1. Get rid of them, or 

2. Tolerate and ignore them. 

You are gambling with the welfare of your Chapter if you go 
altruistic and choose number two. Don’t use your Chapter as a 
corrective institution for adolescent adults—leave this to the AA 
and other more qualified organizations. 

Perhaps at this point you feel like asking “Why this crusade 
why all the excitement?” It’s academically simple, based on these 
personal assumptions: 

1. That scientists, engineers, and technicians are going to be the 
salvation of this wonderful country of ours 

2. That the hard core of dedicated professional men needs the 
full support of all their associates. 

3. That the “average” Chapter member can be revitalized—that 
his latent talents can be brought to the surface 


4. That any Chapter can be successful with proper planning 


5. And, particularly, because of an innate selfish desire on our 


part to see the engineer come into his own 


Summary 


In summarization let’s evaluate our findings: First, let me em- 
phasize that there are many, many fine technical and professional 
Chapters—really crackerjack outfits—all of them affiliated with na- 
tional organizations whose national officers reflect the highest qual- 
ities of integrity, sincerity, and professional dedication. BUT—there 
most certainly is a local or field problem that needs facing up to 
It concerns the tragic ineptness or lack of professional fervor on 
the part of many Chapters which leads them into a quagmire of 
futility. This is partly the fault of the Chapter—stemming from an 
obvious lack of positive leadership. In addition, it is the fault of 
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the Bill Browns and Harry Smiths—the indifferent, lazy, irrespon- 
sible members (or even worse, non-members) who want utopia 
(professional recognition) without being willing to work for it. 

Is there any panacea for all of this? Yes—within the perimeters 
of the suggestions set forth above. Your Chapter can be top grade 


—but it will take hard work, lots of it. You have to think progres- 
sively and use your “work-horse” as a catalyst. Above all, it depends 
to a large extent upon how well the Bill Browns and Harry Smiths 
measure up. Believe me, we're just fooling ourselves if we think 
otherwise. 


BOARD OF TRUSTEES’ MEETING 


BittMore Hore 
ATLANTA, GEORGIA 
May 15, 1959 


The Board of Trustees of AIIE is the official governing body 
of your organization. This group meets to conduct business for 
you twice a year. The official minutes of the May Board of Trus- 
tees’ meeting cre published in the Journal to keep you informed 
of ALLE activity. 

The meeting was called to order by President Gustat at 9:23 
4.M. Among those in attendance were: George H. Gustat, Presi- 
dent; Frank J. Johnson, First Vice President; Floyd J. Titler, 
Executive Secretary; Ralph W. Updegraff, Treasurer; Lee 8. 
Whitson, Vice President, Midwestern Region; William J. Vallette, 
Vice President, Northeastern Region; David G. Dall, Vice Presi- 
dent, Southeastern Region; Delmar W. Karger, Vice President, 
Central Region; John T. Elrod, Vice President, Southwestern Re- 
gion; Jack F. Jericho, Vice President, Western Region; James D 
Nordahl, Board Member-at-Large; Frank F. Groseclose, Board 
Member-at-Large; Warren E. Alberts, Board Member-at-Large; 
Alex W. Rathe, Board Member-at-Large; Howard P. Emerson, 
Past President; Eugene H. MacNiece, Professional Relations Com- 
mittee; Robert N. Lehrer, Editor-in-Chief, The Journal of Indus- 
trial Engineering; Alan J. Levy, Editorial Board, The Journal of 
Industrial Engineering ; Wiiliam Hodson, Chairman, Task Force on 
Industrial Engineering Classification in Civil Service; Vernon D 
Foster, Director of National Meetings; Andrew Schultz, Jr., Direc- 
tor of Research; P. M. Dodson, General Chairman, 1960 AITE 
Conference and Convention Committee; Henry M. Owades, Direc- 
tor of U.E.T. Affairs; Chester Zakrzewski, President, Detroit 
Chapter; Thomas Woolard, President, Chicago Chapter; Elio 
Rotolo, President, Metropolitan New Jersey Chapter; and Don A 
Trenwith, Business Administrator 

1. Minutes, October 11, 1958 Board of Trustees Meeting—Dr. 
Rathe asked that the minutes of this meeting be changed to read 
as follows 

3e2. Second paragraph to read: 

“Mr. Olsen, who is chairman of the AITE Task Force studying 
unity in the profession, made a few explanatory statements and 
said that this task foree had been polled on several alternatives 
ind that these principles were evolved from them which are pre- 
sented to the board for consideration :” 

3e2. Last paragraph to read: 

“At the conclusion of this report, Dr. Rathe moved that ‘The 
AIIE Board of Trustees approve these principles and as a recom- 
mendation a minimum position on unity to the effect of support- 
ing a merger between EJC and ECPD.’ Motion was seconded by 
Mr. Jericho and passed unanimously.” 

Mr. Johnson moved that the minutes as changed be accepted 
Motion seconded by Mr. Vallette. Motion passed. 


2. OLD BUSINESS 


2a1. United Engineering Center—Mr. Henry M. Owades pre- 
sented additional information on the progress of the United Engi- 
neering Center construction. He noted that a letter had been re- 
ceived from the coordinator of the project regarding space alloca- 
tion and floor plans 


September—October, 1959 


2a2. Fund Raising Report—The following report was made by 
Mr. Owades and Dr. Alex W. Rathe. At the present time about 
$26,800 or 38% of the total of the $70,000 quota has been pledged 
by AIIE members. The following percentages by region have been 
pledged to date: Central, 27%; Western 18.5%; Southeastern, 
13%; Northeastern, 43%; Midwestern, 30.4%; Southwestern, 
24.2%. 

Some chapters have not even yet started their fund raising cam- 
paign. The plan to request the outgoing Vice Presidents of the re- 
gions to continue their efforts and to maintain their direction of 
this drive was reviewed and approved. The chapters are urged 
to set up a weekly reporting system within their organization so 
that the progress of the fund raising committee members will be 
reported to the chapter president regularly. 

Additional pressure must be exerted by all the chapters who 
have not yet met their quota. The fund raising committee is 
sending a semi-monthly report letter to all those who are responsi- 
ble for the drive. 

2a3. Tax Classification Status—President Gustat asked that the 
Board of Trustees be brought up-to-date on the status of the tax 
classification application. 

Dr. Rathe stated that correspondence had been exchanged with 
the attorney representing AITE and the United Engineering Center 
office. Some of the material covered in these letters has not yet 
been fully completed. The question arose about whether or not 
our status was at the present time 501 (c)(6) or 501 (c)(3). 

Mr. Trenwith reported that in the opinion of our attorney, we 
were still in the classification of 501 (c)(6). Until such a time as 
our application for 501 (c)(3) status had been approved, we will 
remain in a (c)(6) classification. The actual application for the 
501 (c)(3) status cannot be made until we have operated a year 
under the changed purposes clause of the constitution. Approval 
of 501 (c)(3) status will qualify our members for a tax deduction 
on all money contributed to the AITE, make us fully eligible for 
occupancy in the United Engineering Center. Such status will also 
qualify us for tax exemption under the New York State real estate 
law. This condition must be met, along with our change in Federal 
Income Tax status, in order that we will be qualified for occupancy 
in the United Engineering Center. 

2b. Chapter Development Program—Mr. Johnson reported that 
27 Senior Chapters were being recognized this year and that, for 
the first time, regional winners would receive special plaques and 
recognition. 

The current chapter development program got under way April 
1, 1959. An additional 30% increase in the number of chapters par- 
ticipating is predicted. The new chapters getting into the program 
are improving their scores by improved attention to the details of 
the program. Chapters are writing the director of the program and 
suggesting additional items to be considered. 

The incoming Vice Presidents of the regions are asked to com- 
municate additional suggestions to the director to be added to the 
program in coming years. 

Several questions were discussed regarding the possibility that 
the chapters are being asked to complete too much paper work. 
This requires additional study. 

A suggestion that each chapter be put on a common fiscal year 
and officer year was made. Most of the chapters have different 
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dates, a few of them coinciding with the National's fiscal year 
A fixed date for each of the chapters to observe would aid in the 
preparation of annual reports. 

President Gustat suggested that the incoming First Vice Presi- 
dent, Mr. Jericho, could study this situation. 

A note was made of the fact that January Ist was a bad date 
for the collection of dues 

In line with the preparation for the material for the Annual 
Report, special report forms for use by the chapters and for vari- 
ous committees are being developed. The reports should be sub- 
mitted at least two months before the Annual Conference for use 
in the preparation of the AITE’s Annual Report 

2cl. 1969 Conference and Convention Report—Mr. Johnson re- 
ported that the previous high registration record held by the New 
York Conference had been surpassed by this year’s meeting. A 
larger percentage of the attendees are purchasing tickets for the 
meal functions. The special dinner scheduled for Aunt Fanny’s 
Cabin had been sold out 

Costs will be higher for this conference because of the increased 
distribution of the program and the extra printing costs, over 
37,000 brochures having been mailed out. Mr. Johnson was of the 
opinion that the conference would show a profit regardless of the 
inereased cost. The conference committee has promised the final 
report by July 1, 1959 

Additional aid in the selection and rating of speakers for Na- 
tional and Regional Conferences by a national committee speci- 
fically established for that purpose was discussed. It will receive 
further consideration 

2e2. Proposed Change in Meeting Schedules—Regarding the pos- 
sible rescheduling of the Board of Trustees meeting and the con- 
vention in their relation to the two days of conferences was dis- 
cussed. A survey is being taken of the attendees of this conference 
to determine their feelings in this matter. The report from the 
survey will be available within a few weeks 

Dr. Rathe moved that the board direct the incoming Execu- 
tive Committee to make the necessary decisions as to the schedul- 
ing of these meetings in time for the Dallas Conference and Con- 
vention. Motion seconded by James Nordahl. Motion passed 

2d. Journal Advertising—This item was tabled at the time of 
the morning session so that it could be discussed when Robert N 
Lehrer, Editor-in-Chief of the Journal of Industrial Engineering 
could be present 

After luncheon the Journal was represented by the Editor-in- 
Chief, R. N. Lehrer and Alan J. Levy of the Editorial Board 

Mr. Titler stated the position of the National Headquarters 
Something must be done about increasing the advertising in the 
Journal so that the funds now being spent in this regard could be 
released for other AITE functions. Mr. Titler said that the general 
feeling of the headquarters staff was that the Journal advertising 
program should be under the direction of the Editor-in-Chief and 
that additional agencies should be employed to cover other adver- 
tising centers than those represented by our current agent 

Considerable discussion concerned the fact that an unpaid staff 
cannot devote enough time to the task. Discussion of the past his- 
tory of the Journal advertising and the problems involved fol- 
lowed. Dr. Lehrer suggested that there are other ways of supple- 
menting the Journal income budget, perhaps increased circulation. 
Since the Journal of Industrial Engineering is not the only publi- 
cation in the management field, there is considerable competition 
for advertising, especially from commercial publications 

Mr. Titler moved that the incoming President with the counsel 
and advice of the Editor-in-Chief, appoint a special committee to 
study the Journal advertising question, the committee to be estab- 
lished with the charge that this study needs serious and immediate 
attention. Mr. Johnson seconded the motion. Motion passed 

Mr. Johnson suggested that Dr. Lehrer and the Executive Com- 
mittee discuss this matter further during June and take action so 
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that a new plan may be well underway by October of this year. 

2e. Professional Relations Committee Report—Dr. Rathe re- 
ported that the AITE had been invited to make nominations for 
the National Science Foundation Board of Directors. Three men 
have been suggested for this nomination. They are: Dean Robert 
H. Roy of Johns Hopkins University: Dean Athelstan F. Spilhaus 
of the University of Minnesota; and Dr. Mervin Kelley, Presi- 
dent Emeritus of Bell Telephone Laboratories. Of the three nom- 
inated, two are to be elected. 

Mr. Updegraff moved that the committee’s report and recom- 
mendations be accepted for the nominations of these three gentle- 
men. Mr. Johnson seconded the motion. Motion passed. 

Dr. Rathe passed out copies of a proposed definition of engi- 
neering that has been offered for comments by ECPD. Dr. Rathe 
reviewed the proposed definition, particularly in its relationship to 
our definition of Industrial Engineering. 

Dr. Rathe moved that the Long Range Planning Committee be 
asked to study the definition and report their findings to the Pro- 
fessional Relations Committee by September 1, the committee to 
pass their recommendations on to the Board of Trustees in time 
for the October meeting. Mr. Titler seconded the motion. Motion 
passed 

Dr. Rathe reported that for the first time the AITE has been 
invited to participate in the preparation of the Annual Engineer- 
ing Management Conference. This year’s meeting is to be held 
September 17 and 18, in Los Angeles, California. An excellent pro- 
gram has been planned for this year and the AIIE has joined with 
the five other principal engineering societies—ASME, AICHE, 
AIEE, AIME, and ASCE in this project. In past years, electrical 
and mechanical engineers have underwritten the losses as they oc- 
curred. There was a small loss connected with the Boston meeting 
because of inadequate preparation, costing each of the two socie- 
ties about $200.00. Mr. Eugene MacNiece, our representative to 
the Engineering Management Conference, reported that good 
planning and budgeting could easily eliminate all possible losses 
from future meetings. 

Mr. MacNiece suggested that after September, the AITE make 
a definite statement of whether or not they wish to support this 
function financially, as well as aiding in the planning function. 
Our responsibility would not be in proportion to our membership 
in comparison to the others. The top risk involved might be in 
the neighborhood of $150 for atiy one meeting. This is a top level 
conference held once a year for specific and unique discussions of 
management of engineering functions. 

The Board of Trustees gave Mr. MacNiece a vote of confidence 
so that he could state the AIIE’s probable position in advance of 
the fall Board of Trustees meeting. 

Dr. Rathe asked for a discussion of the duplication of effort on 
national, regional and local levels. President Gustat suggested Dr. 
Rathe give his recommendations to the group making a general 
study of the AITE functions, under the direction of incoming First 
Vice President Jericho. 

Mr. Titler moved that the Board of Trustees and the Executive 
Committee make the fullest possible use of all AITE committees, 
that, whenever time permits, the advice and counsel of any par- 
ticular committee be requested prior to the time either of these 
bodies contemplates considering and acting upon matters of concern 
to that committee, and that the result of such consideration and 
action be communicated to the committee involved by letter from 
the executive secretary. Motion seconded by Col. Groseclose. 
Motion passed. 

The boegrd stressed that the Board of Trustees and the Execu- 
tive Committee should at all times be properly informed and that 
all committees should be cautioned to consider all their actions 
and recommendations in relation to what other committees or 
functions of the AITE might be concerned. 

Mr. Warren Alberts speaking for Mr. Richard Forberg, Chair- 
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man of the Professional Development Task Force of the Profes- 
sional Relations Committee, reviewed the “Program to Promote 
the Professional Development of the Young Industrial Engineer” 
for the Board of Trustees. 

The purpose of the program is to aid, spark and direct the grad- 
uating engineer in the first five years of development, by (a) giv- 
ing every graduate engineer with less than five years experience, 
information on the program along with other selected material, (b) 
do the same for each graduating student member and other grad- 
uating Industrial Engineers, (c) work with ASEE and ECPD to 
provide similar material to all graduating engineers 

Each chapter should designate one person to follow through in 
promoting the five year plan in its locality and provide inter- 
ested individuals with the proper material. Getting the young en- 
gineers together for improved understanding of the goal of the 
engineering profession as a whole would be a part of the program. 

The cost of the program is estimated at around $730 and the 
committee is recommending that the board approve $850 for the 
next fiscal year 

Responsibility for implementing this program and selecting the 
material would be assigned to the Professional Development Task 
Force of the Professional Relations Committee. National Head- 
quarters will be asked to obtain names of graduates each year. 

Mr. Trenwith states that some problems may arise in the dis- 
tribution of the material as reported by the members of the Coun- 
cil of Engineering Societies Secretaries 

In many cases less than 20% of members receiving such ma- 
terial even open it and read it. Mr. Trenwith suggested that stress 
be placed on personal contact where senior chapters are available 
to take over the activity. Additional problems of distribution of 
material through the student chapters may arise 

Mr. Updegraff moved that the report submitted by Mr. Alberts 
for this task foree be accepted, with the understanding that the 
committee will work further on the mechanics of the distribution 
of the material. The Professional Relations Committee is to in- 
clude the expense involved in their budget request for next year 
Motion seconded by Mr. Jericho. Motion passed 

Dr. Rathe asked the Board of Trustees to refer to the report 
of the Professional Relations Committee’s Task Force on Profes- 
sional Standards. Dr. Rathe suggested that the following action be 
taken 

2e1. That a group be appointed to write appropriate supple- 
ments to the ECPD Canons of Ethics to restrict specific violations 
of ethical practice in Industrial Engineering, e.g. discouragement 
of the undignified “hard sell” technique employed by some con- 
sultants might be a target of such supplementary provisions. Al- 
though section 2 of the Canons touches on this, it is not considered 
sufficiently pertinent 

A. The same group should be charged with the responsibility of 

interpreting the Canons and determining when a violation 
exists in fact 

B. This group should also have an enforcement function and 

should recommend disciplinary action or expulsion from the 
institute to the board for confirmed and documented viola- 
tions 

2e2. To preserve the identity of the Industrial Engineering pro- 
fession, a study group must be commissioned to inventory known 
Industrial Engineering functions for inclusion in the standards 

A. With these functions clearly in mind a committee on Indus- 

trial Engineering education should draft standards of edu- 
cation for undergraduates, graduate instruction for Industrial 
Engineering Bachelors, Masters, and perhaps Doctorates. 

These educational standards should be fully set forth in the 

main body of the professional standards 
2e3. Select a group to review membership qualifications and 
make revisions where necessary before stating them in final form 
through the standards 
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2e4. Appoint a group to determine the feasibility of examina- 
tions for admission into AIIE and for the possible use of State 
Boards for determining professional competence for state registra- 
tion. 

2e5. Form an editorial committee to make -needed editorial 
revisions and to assemble the finished statement into an attrac- 
tive brochure to be given the widest practicable distribution. 

Dr. Rathe moved the adoption of the report and implementa- 
tion by the new president. Motion seconded by Mr.. Vallette. 
Motion passed. 

Mr. William Hodson made a report as Chairman of the Task 
Force on Industrial Engineering Classification in Civil Service. 
The Civil Service has welcomed any aid the AITE can give them 
toward setting up job descriptions for Industrial Engineers within 
the Civil Service framework. In order for their analysts to make 
proper use of such material they must have it by June 1, 1959. 
Mr. Hodson told the Board it was regrettable that the Board and 
other committees of the AITE could not have more time to study 
the proposals of his task force, but time was too short. 

Various members of the organization had been asked to study 
the report prior to the Board of Trustees Meeting and the follow- 
ing changes were suggested : 

1. “Operations Research”—should have a separate heading and 

a more detailed description. 

2. “Organization Planning and Special Management Studies” in 
same category and should be one of the first listings, rather 
than the last. 

. The material should include the idea: that Industrial Engi- 
neering is a dynamic science and art, and in continual state 
of change. It should be described as of the moment, recog- 
nizing full well that it is an ever changing field. 

Mr. Hodson pointed out that if this material is not ready for 
the Civil Service Commission by June 1, the entire description of 
Industrial Engineering functions would be written by a less quali- 
fied group rather than by Industrial Engineers, This draft to be 
presented to the Commission will be reviewed and changed by the 
Civil Service Commission. The Board of Trustees will have an 
opportunity to review the final draft of the Civil Service Com- 
mission’s report before it is released 

Mr. Updegraff moved that the information be given to the Civil 
Service Commission with the above changes. Motion seconded by 
Col. Groseclose. Motion passed 

2f. Other Old Business—N one 


3. NEW BUSINESS 

3a. Membership Report—Mr. Titler presented the membership 
report representing the membership of the AITE as of the first 
of the month. The Board of Trustees discussed the membership 
growth and the low rate of drop-outs for non-payment of dues 
during the past year 

The board was informed that increased activity by the chapters 
and the Vice Presidents of the regions, plus additional mailings 
from National Headquarters had considerable effect on lowering 
the rate of drop-outs this past year. In addition, the improved 
financial picture of business was thought to have had considerable 
effect. It was noted that one of the main reasons that members 
were dropping out or resigning was that they were being pro- 
moted to purely administrative positions or otherwise transferring 
out of the field of Industrial Engineering 

Col. Groseclose asked about our membership screening process 
In a project he has undertaken at Georgia Institute of Technology, 
he had noted that some applicants for positions, while being listed 
as members or associates of AITE, did not seem to fulfill the mem- 
bership requirements. Col. Groseclose has been asked to give more 
details on this to National Headquarters so that any indicated 
corrective action could be taken immediately. 

3b. Financial Report—Mr. Ralph Updegraff presented the finan- 
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cial report as of the end of April. Copies were provided all board 
members attending the meeting. Mr. Updegraff noted for the board 
that the income and expense items listed were close to budget and 
that there were no particular problems at this time. 

Dr. Rathe raised the question regarding what income was indi- 
cated on the budget as “Conference Income” for the year. Mr. 
Updegraff replied that both the Atlanta Conference and Los 
Angeles Conference income were included in the figure. 

President Gustat called to the 1960 Conference Committee’s 
attention (their representative at this meeting, Mr. P. M. Dodson) 
that their committee should start making regular financial and 
budget reports during the coming month. 

3c. Proposed Chapter Constitution Change—This item, listed on 
the agenda for the meeting was deferred to the next meeting of the 
Executive Committee. 

3d. 1960 Conference and Convention Report—Mr. P. M. Dod- 
son reported on the progress made to date by the 1960 AIIE Con- 
ference and Convention committee. The 11th Annual Conference 
and Convention will be held May 12, 13 and 14 in Dallas, Texas. 
Hotel accommodations have been arranged. Mr. Dodson remarked 
that they were getting considerable information about the solution 
of problems that will arise, from the experiences of the Atlanta 
Conference and Convention committee 

President Gustat inquired as to whether or not the 1960 Con- 
ference Program Committee was arranging with Dr. Schultz, Direc- 
tor of Research, AIIE, for aid in establishing technical sessions 
The committee stated that such cooperation was underway and 
some technical sessions had already been scheduled. The proposed 
program is to be made available to members of the Board of 
Trustees during the coming months for review and comment. 

3e. Location of 1961 and 1962 Conferences—Mr. Vernon D 
Foster presented the bids from four chapters to host the 1961 AITE 
Conference and Convention. The chapters bidding were Detroit, 
Chicago, Metropolitan New Jersey, and Rocky Mountain 

The Chicago Chapter withdrew their bid 

Mr. Titler moved that past procedure be adhered to, each chap- 
ter being allowed to talk three minutes regarding their bid, after 
which questions could be asked by members of the Board of Trus- 
tees. Motion seconded by Mr. Johnson. Motion passed. 

The Detroit Chapter was the first to make their presentation, 
represented by Mr. Zakrzewski 

The Metropolitan New Jersey Chapter, bidding for the Confer- 
ence and Convention to be held at Atlantic City, was represented 
by Mr. Rotolo 

Representing the Rocky Mountain Chapter, Mr. Jack F. Jeri- 
cho, Vice President of the Western Region, AITE, stated that even 
though the bid for the 1961 conference as previously presented by 
the Rocky Mountain Chapter, was a serious effort to have the 
meeting awarded to them, they were, at this time withdrawing their 
bid for the 1961 conference 

Mr. Lee Whitson, Vice President of the Midwestern Region, 
AITE, stated for the record that Chicago, who had previously 
withdrawn their bid, should be considered at some appropriate 
time in the future to host a conference and convention and that 
no prejudice should be involved because of the reasons surround- 
ing the withdrawal of their bid. The Board of Trustees was in 
agreement with this statement 

The board discussed the possibility of the awarding, at this time, 
the 1962 conference and convention site. It had been the intent to 
award the 1962 meeting in addition to the 1961 meeting at this 
time. It became obvious that because of the provisions of the AITE 
By-Laws, Article 4, Section 6, that this was impossible. In addi- 
tion, no other chapters, except the four who had originally sub- 
mitted bids for the 1961 conference, had any opportunity to pre- 
sent a bid for the 1962 conference 

Mr. Titler moved that this Board of Trustees Meeting select 
only the location of the 1961 conference. Motion seconded by Mr. 
Vallette. Motion passed 
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The Board of Trustees then voted on the awarding of the 1961 
conference. Only two chapters were considered in the final vote. 
A clear majority of the board members voted in favor of holding 
the meeting in Detroit in 1961. 

Mr. Titler moved that the Board of Trustees at their meeting 
to be held at the 1960 conference and convention, select sites for 
the conventions in 1962 and 1963. Motion seconded. Motion passed. 

Professor Emerson moved that this Board of Trustees amend 
the AIIE By-Laws, Article 4, Section 6, to add “s” after the word 
site, and insert “and/or three,” the section to read: “selection of 
the sites of the National Convention two and/or three years hence 
shall be made by the board .. . etc.” 

(This sentence now reads: selection of the site of the National 
Convention two years hence shall be made by the board .. . etc.) 

Amendment motion seconded by Dr. Elrod. Motion passed. 
11 voting for the amendment, 2 voting against the amendment. 

3f. Other New Business 

3f1. Regional Conference Deficit—Mr. Lee Whitson reported on 
the recent conference held by the Midwestern Region, AIIE, that 
had been hosted by the Chicago Chapter. The technical portion 
of the conference was extremely good. However, the meeting has 
resulted in a financial deficit. A discussion of the responsibility of 
the national organization brought out that some of the expendi- 
tures for the meeting were forbidden by the provisions of the AITE 
Conference Manual. After a study of these expenditures, and 
recognition of the fact that the Chicago Chapter was well able to 
support half of the deficit that could be recognized, the following 
action was taken: 

Mr. Nordah] moved that the Board of Trustees authorize the 
sending of a check for $541.02 to the Chicago Chapter as the na- 
tional share in the loss incurred by this conference, and that, if 
the national organization is to continue sharing in the profits and 
losses of these meetings, more specific controls be established to 
help in preventing future occurrences. Motion seconded by Mr 
Titler. Motion passed. 

3f2. Speakers Bureau for National and Regional Conferences— 
Dr. Andrew Schultz, Director of Research, AIIE, proposed to the 
Board of Trustees, that the AITE set up a continuing committee 
to study and recommend programs and speakers to be used at Na- 
tional and Regional Conferences. Many times the local groups 
hosting such meetings were not familiar with some of the speakers 
invited. In addition, since our policy prohibits paying speakers, this 
somewhat limits the speakers who may be available to us 

Dr. Schultz noted that speakers will not be able to attend all 
meetings to which they are invited and naturally will give their 
attention to those that will add most to their prestige as an indi- 
vidual. Since the AIIE is a young and smaller organization, then 
we have some difficulty in offering the recognition that these 
speakers can attain from attending the meetings of some other 
societies. 

Dr. Schultz believes that a more formal setup will better protect 
the organization and its reputation in the profession. We need to 
take special care to have program content and speakers who will 
clearly meet our needs and objectives so that we can improve the 
quality of our presentations each year. 

Mr. Titler suggested that such a special committee as proposed 
by Dr. Schultz might be included in the study now underway by the 
incoming First Vice President, Mr. Jericho, the results to be in- 
cluded in the Conference Manual. This study should be concluded 
in time to be of value to the Detroit Conference and Convention 
Committee. 

3f3. October 1, 1959-60 Budget—Mr. Updegraff stated that a 
letter will soon be going out to all people who will be serving as 
board members, directors and committee chairmen, to submit the 
budget for the next year. The replies to this letter should be re- 
turned to Mr. Updegraff by August 1, so that the budget may be 
perpared in time for the September Executive Committee Meeting. 

In addition to the specific requests for the coming year, each 
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individual will be asked to submit a five year forecast so that the 
Financial Planning Committee can begin to function as charged by 
the President 

3f4. Achievement Certificates—Dr. Rathe brought up the ques- 
tion regarding achievement certificates that were formerly awarded 
by the organization. He asked that consideration be given to rein- 
stating this custom as part of the honors and awards program in 
a more specific fashion than had been followed in the past. 

Mr. Titler stated that the achievement certificate would be 
made a part of the list of awards and grants now under study. 
Mr. Titler suggested that the Vice Presidents of the regions should 
also submit any information that they have in this regard that 
should be included in the survey to make possible a more uniform 
approach on awards 

3f5. Appreciation—Mr. Johnson expressed his appreciation to 
the outgoing Vice Presidents of the regions for their fine coopera- 
tion. To the incoming Vice Presidents he proposed that the 
schedule for Board of Trustees meetings be changed from two to 
three; one meeting to be held on October 17, one in February, and 
one at the time of the conference in May, at Dallas, Texas 

Mr. Johnson asked that the incoming Vice Presidents make 
inquiry within their regions as to what can be done to encourage 
more regional meetings in place of some of the chapter confer- 
ences 

Adjournment—The meeting was adjourned at 5:00 P.M 

Next Meeting—The next meeting of the Executive Committee 
will be on Friday, June 19, 1959. The next meeting of the Board 
of Trustees will be on Saturday, October 17, 1959 at Atlanta. 
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WHAT IT IS 


The I.E. Opportunities service is a functional committee ac- 
tivity of the AIIE. Information concerning employment oppor- 
tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of 
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The name and address of the person to contact for additional 
information concerning a specific job opening is sent to members 
on request. 


EMPLOYERS 


Employers having openings for qualified Industrial Engineers 
are invited to list them. Government agencies and educational in- 
stitutions as well as business and industry are urged to take ad- 
vantage of this free service. 

Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant Engineering, Opera- 
tions Research, Industrial Relations, Sales, and Management. 


INDUSTRIAL ENGINEERIN 


number Industry, location | Travel? (See 


| Air Force Ohio 
Consulting Ohio 
Weapons Systems Wash. D.C. 
Air Force Calif. | 15, 32, 42, 43, 
Air Force Utah 10 
Air Line ‘olo., Calif. 11, 13, 
| Automotive 19, 36, 3 
Mining 10, 20, 3 
Automotive 11, 13, 
Automotive » 13, 14, 
Air Force 50 
Aircraft ° 50 
Air Force 
Education 
Hospital Ala. 10, 30, 
Administrative 36, 37, : 
Pulp & Paper 30, 40, 
Steel Prod. 
Consulting 
Printing 
Food Processing 
Air Force 
Air Force 
Air Force 
Aircraft 
Heavy ani. 
Synthetic Fibers 
Synthetic Fibers 
Synthetic Fibers ‘ 
Education Puerto Rico 
Carpet Mfg. Va 
Electronic Tex. 
Electronic Tex. 
Electronic Tex. 
Electronic Tex. 
| Electronic Tex. 


11, 13, 31, 38, 42 
10, 21, 31 
50 











The Journal of Industrial Engineering 


Job classification number 


For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industrial Engineering 
background will be of value. 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the address below: Type of industry, location, 
job classifications, minimum educational and experience qualifica- 
tions, and salary range. 

This information will be publicized to the members in con- 
densed form in the Journat and in monthly chapter Bulletins. 
Company names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


The following list shows job openings available just prior to 
press time. If you would like more information about one or more 
of the positions listed, mail the “P”’ numbers with your name and 
address to the Opportunities Service at the address below. The 
Service will advise you by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name will not be for- 
warded to the company with the job opening. 

For more current listings, contact your local Chapter Secre- 
tary or Opportunities Chairman for the latest monthly Bulletin. 


ADDRESS OF THE SERVICE 


I. E. Opportunities SERVICE 

American Institute of Industrial Engineers 
145 North High Street 

Columbus 15, Ohio 


G OPPORTUNITIES 


Qualifications required 
| Salary range |— mere 2 HE, « fed == 
$1,000 | Years of Age 
exp. range 
4}- 
5-7 | 
| Ph.D. 

| 2 ‘ Repair & Modification 


2- 1L.E. Degree 


Remarks 


SCAeSCwon 
NnNooCoCes 


M.S.L.E. 
Milit. & Industrial Exp. 


SED 
~ 


3 
© - 


M.S. Preferred 


NO DPD WHRSeouc-! 


woo @ 


I.E. Degree 
LE. Degree 


43, 54, 71 











53, 81 


SADAD HD & WN Ore 
- ~ 


Packaging Design Exp. 
| Aect. Degree & Exp. 

I.E. Degree 

1.E* Degree—IBM 650 
1.E. Degree 


Volume X No. 5 





Position 


dus . 
number Industry 


Education 
Heavy Equip 
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